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Two consecutive summer and winter trials involving low 
and high-heat increment diets were Fed to growing-finishing 
swine, and three trials evaluating crystalline lysine utili­
zation were conducted during the starting phase of growth. 
Dehydrated alfalfa meal and vegetable oil in factorial com­
bination were fed during thB winter months. Crystalline 
lysine and vegetable oil, also in factorial combination, 
were fed during the summer months. In the lysine utilization 
trials, crystalline or protein-bound lysine were each fed at 
three levels. Response criteria evaluated were rate and 
efficiency of gain, serum T^, T^ and cholesterol level in 
the winter and summer trials; and rate and efficiency of 
gain, liver lysine alpha-ketoglutarate reductase activity 
and serum lysine concentration in the lysine utilization 
trials.
Dehydrated alfalfa meal decreased rate and efficiency 
of gain in both winter trials with the largest adverse 
effect in winter trial 1 when it was included in thB diet at 
10 %. Pigs fed low protein crystalline lysine supplemented
diBts had lower rates and efficiencies Df gain than pigs fBd 
high protBin diets. Uegetable oil increased rate and effi­
ciency of gain in both the winter and summer trials with the 
greatest beneficial effect occurring during the summer 
months. Dehydrated alfalfa meal had no effect on thyroid 
hormone levels. Low protein, crystalline lysine supplemented
diets had inconsistent effects on thyroid hormone levels. 
Serum cholesterol was increased by vegetable oil in the 
diets.
Pigs fed crystalline lysine supplemented diets grew as 
fast and efficiently as pigs fed protein-bound lysine. There 
mas a linear response in gain for incremental lysine addi­
tion. Liver lysine alpha-ketoglutarate reductase activity of 
pigs fed the crystalline lysine supplemented diets mas 
higher than that of pigs fed the protein-bound lysine diets. 
The Bnzymatic activity responded quadratically to increased 
level of lysine in the diet regardless of the source. Serum 
lysine level of pigs fed the crystalline lysine diets mas 
higher than that of pigs fed the protein-bound lysine diets. 
The level of lysine in serum increased linearly with in­
creased level of lysine in the diets. Lysine concentration 
in serum was affected by interval of bleeding.
INTRODUCTION
Climate is one of the more important factors that affects 
swine production. Thermal stresses from the environment 
adversely influence swine productivity by altering their 
heat exchange with the environment, consequently affBcting 
their rate of gain, feed intake and their nutrient require­
ment .
Critical temperatures, defined as the air temperature at 
the low and high end of the zone of thermal neutrality, is 
somewhere below 14 and above 2B C for growing-finishing 
pigs, depending on the live weight and thB plane of nutri­
tion of the animal CClose and flount, 1970} . It has been
suggested by Hale et al. C196B1 that optimum swine perfor­
mance can be achieved between IB and EE C. Swine production, 
however, takes place in temperatures well above and below 
these critical temperatures.
Swine performance is not only affectBd by heat, but by 
heat in combination with high humidity; primarily because 
swine do not have an active sweating mechanism CIngram, 
19641. They rBly, instead, on an increased breathing rate in 
order to dissipate the excess heat; however, high temper­
atures associated with high relative humidity make the dis­
sipation of heat more difficult CHeithman and Hughes, 19491. 
If the relative humidity is 90 % or higher, the stress due
1
to high temperature increases because the air inhaled is 
practically saturated uiith moisture, thus reducing evapora­
tive hsat loss by the respiratory system CSorenssn, 19621.
The effect of heat and humidity is exaggerated by feed 
consumption because of heat increment or the ‘heat of nu­
trient metabolism’. Therefore, during the warm season of thB 
year, swine reduce their feed intakB in an attempt to avoid 
the heat generated by nutrient metabolism and as a result, 
gain is reduced. Heat stress of animals can be reduced by 
altering heat increment of the diet. To accomplish this, 
dietary protein can be lowered, thus reducing amino acids 
that are in excess of the animal’s minimum requirement and 
concomitantly reducing the heat of metabolism CUJaldroup Bt 
a l ., 19761. Synthetic amino acids, such as lysine, have
lower heat increments than protein and can be used to 
supply limiting amino acids in swine diets CStahly and 
Cromwell, 19791. Another way of lowering dietary heat incre­
ment is by the addition of fat. ForbBS and Swift C19441 have 
shown that fats have a lower heat increment than carbohy­
drate or protein.
During the cool season of the year, the situation is 
reversed. FeBd intake increases and feBd efficiency de­
creases because more feed is required to keep the pig’s body 
warm. This makes swine production more expensive during thB 
cool season because a greater percentage of feed is required 
as energy for maintenance. Therefore, the use of diets 
containing high I b v b I s  of fiber, which havB a higher hBat
increment, may reduce this problem. High levels of Fiber, 
houievBr, are associated uiith lower energy digestibility of 
the diet, but fat may be added to these diets to replace the 
energy lost by elevated Fiber levels.
The objective of this investigation was to study the 
b FFBet of high and low-hBat increment diets on performance 
of swine during the warm and cool seasons of the year. Res­
ponse criteria evaluated were rate and efficiency of gain, 
serum T3 and Ib v b Is  and serum cholesterol level.
A subsequent series of experiments was conducted to as­
sess the efficacy of crystalline lysine utilization compared 
with intact-protein sourcB lysine. Response criteria were 
rate and efficiency of gain, lysine alpha-ketoglutarate 
rBductase activity in liver and serum lysinB concentration.
LITERATURE REUIEUI
EFFect oF environmental temperature. Dietary energy intake 
and, consequently, rate, eFFiciency and gain composition oF 
pigs are inFluenced by the environmental temperature (Close 
and Mount, 13701. Pigs maintained in a high temperature
voluntarily reduce their Feed intake in an apparent eFFort 
to lower the burden oF heat dissipation. The reduction in 
Feed or energy intake results in a depressed growth rate 
with minimal change in b F F iciency oF Feed utilization during 
the summer. In contrast, low temperatures stimulate Feed 
consumption and depress eFFiciency oF Feed utilization be­
cause more heat is required For maintenance oF body tempe­
rature CHolmes and Close, 13771.
NicholIs et al. C130O1 using temperature controlled cham­
bers (table 11 illustrated the eFFect oF temperature on pig 
perFormance. Feed intake decreased as temperature increased, 
whereas daily gain increased until 20 C and then decreased 
therBaFtBr. EFFiciency oF gain responded similarly, where 
maximum eFFiciency was achieved bBtween 20 and 25 C. This 
research clearly illustrates the increased maintenance re­
quirements oF swine held outside their thermal comFort zone.
EFFBct oF Fat levels. Fat has several properties when used 
as a dietary component. In addition to being a carrier oF 
Fat soluble vitamins, it provides essential Fatty acids and 
improves diet palatability. In terms oF energy-yielding
5
TABLE 1. EFFECT DF TEMPERATURE ON PIG PERFORMANCE3
Temp. CC) ADGb ADFC GAIN/FEED
0 .53 5.07 .104
5 .53 3.7B .141
10 .BO 3.50 .558
15 .73 3.15 .551
SO . B5 3. B0 .555
S5 . 7E S.6S .575
30 .44 S. SI .133
35 .31 1 .51 .505
3 Sixteen pigs per treatment, B replicates of two
pigs/pen CNicholls et al. , 13B0).
b Average daily gain CKg)
c
Average daily feed intake CKg) .
potential, Fat is not an essential nutrient and may be 
replaced by carbohydrate. However, in the nutrition of mo­
dern farm animals the high energy density of Fat is advanta­
geous, especially during periods of heat stress CEnser, 
1SB4). Feeding Fat reduces the expense of energy utilization 
Cheat increment) compared with that of carbohydrate and 
protein. Swift and Black C134S) fed E to 30 X Fat tD male 
albino rats and Found that the heat increment decreased as 
the level of Fat in the diet increased. Forbes Bt al., 
C1346) also used albino rats to study the dynamic effect 
Cheat increment) of protein Cbeef), carbohydrate Ccorn sug­
ar) and Fat Clard). They Found that Feeding protein, carbo­
hydrate or Fat increased the production dF heat, but the
lowest heat increment corresponded to Fat, followed by car­
bohydrate and then protein. UJhen they Fed mixed supplements 
they Found that the lowest heat increment was produced by 
the Fat and protBin combination, and the highest heat incre­
ment was produced by the protein and carbohydrate combina­
tion .
The relative energetic value of Fat and carbohydrates For 
body metabolism is dependent on whether the energy sources 
are used For body maintenance or tissue synthesis CWehring 
and Haenlin, 1973). In animals at maintenance, Fat calories 
are utilized slightly less efficiently than carbohydrate 
calories. In growing animals, dietary Fat calories appear to 
be preferentially utilized For body-Fat synthesis CStahly, 
1984). The eFFiciency of utilizing calories From Fat or 
carbohydrate for body Fat synthesis is estimated on a bio­
chemical basis to be 90 % and 73 , respectively CChudy and
Schiemann, 1969). The enhanced eff iciency of utilizing Fat 
calories For Fatty tissue synthesis is because dietary Fat 
is directly incorporated into body Fat, thus minimizing heat 
Io s s b s  normally associated with Fat synthesis From acetyl- 
CoA CStahly, 1904). The great eff iciency of dietary Fat
utilization For body fat synthesis may be due, in part, to 
an inhibitory eFFect of fat on Fermentation and associated 
energy losses in the hindgut of the pig CJust, 19B2d). If
the improved Bfficiency of energy utilization in pigs Fed a 
Fat-supplementBd diet is assigned to the dietary Fat Frac­
tion, the net energy value of Fat is estimated to be 110
□F its metabolizable energy content CHillcoat and Annison, 
19743 .
The inclusion of fat in growing-finishing swine diets has 
usually been associated with increased energy intake, faster 
rate of gain and improved efficiency of feed utilization. 
However, there are conflicting results. Improvement in rate 
and efficiency of gain through the addition of fat to grow­
ing-finishing swine diets was demonstrated by Hiller, 
C19501; Barrick et al., C19543 and Clawson et al., C196E3. 
Other investigators CPerry et al., 19533; Kropf et al.,
1954; and Seerley et al., 19543 have reported an improve­
ment in feed efficiency without improvement in rate of gain 
when fat was added to swine diets. Waterman et al. C19733 
found that pigs Fed low levels of supplemental fat gained 
faster and required less metabolizable energy per unit of 
gain than controls. Seerley et al. C19783 fed low and high 
fat diets in winter and summer trials. They reported no 
difference in gain or efficiency of energy utilization from 
Fat level in the winter; however, pigs fed high-fat diets 
grew Faster and utilized the energy of the diets more 
efficiently during the summer. Stahly and Cromwell (19793 
also studied the effect of environmental temperature and 
dietary fat. They reported that the depressed gain of pigs 
maintained in a warm environment was improved by the addi­
tion of fat to the diets.
Effect of protein levels. Seymour et al. C19641 studied the 
relationship between protein level and environmental temper­
ature. They reported a faster rate of gain and efficiency of 
feed utilization in pigs fed high protein diets compared 
with pigs fed low protein diets. Agarwala and Sundaresan 
C19561 reported increased feBd intake of pigs fed low pro­
tein diets during the summer, but an increased feed intake 
of pigs fed high protein diets during the winter.
Reports by Sewell et al. C19571, Abernathy et al. C19501, 
and Clawson et al. C196S1 indicate a relationship between
energy level and crude protein in diets with added fat; 
however, the ratio of energy and protein is apparently not 
critical since a wide range of ratios supported optimum rate 
and efficiency of gain. However, pig performance was not 
always maximum when fat was added to low protein diets. 
Mitchell and Hamilton C19351 demonstrated with rats that an 
upward adjustment of the protein level to maintain the 
proper relationship between protein and total energy was 
necessary to realize the full benefit of increased energy in 
the diet.
Lowrey et al C19581 and Barnes Bt al. C19591 observed a 
beneficial effect of added bBBf tallow on growth and effi­
ciency of feed utilization of swine fed high protein diets, 
but a reduction in performance when added to a low protein 
diet. Pond et al. C19601 also found that the addition of 
tallow to high protein diets resulted in increased gain, but 
not to low protBin diets.
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Clawson at al. C1962) observed that growth rate of pigs
Fed added fat diets was influenced by the energy:protein 
ratio and by the stage of growth of the animal. The narrow 
calorie:protein ratio supported the most rapid ratB of gain; 
however, this difference was not apparent at the time the 
pigs reached market weight. Energy utilization was not in­
fluenced by either calorie:protein ratio or by fat Ib v b I in 
thB diet.
Relationship between digestible Bnerou and amino acid lev­
els . Block and Balling (1964) have suggested that for the
most efficient protein utilization, the essential amino
acids must be supplied both in the proper amount and in the 
proper ratio to each other. Williams et al. C1954) analyzed 
the tissues of pigs of various weights from birth to 200 
pounds and Found that the percentage of essential amino
acids of the tissue protein remained nearly constant. These
workers have suggested that for optimum protein utilization, 
a similar ratio of amino acids might be required throughout 
growth.
AbBrnathy et al. C1958) found that Faster gains were
obtained with pigs Fed diets containing IB \ protein than 
with pigs fed diets containing 14 5s protein. A highly signi­
ficant depression in rate of gain resulted when crystalline 
lysinB was added at a level of .1 5s to the low protBin diet. 
This inhibitory effect appeared to be reduced as the caloric
10
density Df the diet decreased. Increasing the caloric densi­
ty of the diets resulted in a highly significant linear 
increase in gains with a corresponding decrease in the 
quantity of feed required to produce a unit of gain.
The nutritional value of low heat increment diets that 
contain added fat or crystalline lysine is higher in a warm 
Chyperthermal} than a cold Chypothermal5 environment CStahly 
and Cromwell, 19791. Stahly et al. C19791 studied the effect 
of low protein, low protein plus crystalline lysine and high 
protein diets in pigs exposed to cool, thermoneutral and 
warm temperatures. They found that dietary lysine level 
required for optimum growth was higher for pigs maintained 
at thermal-neutrality than for pigs in a cold or warm envi­
ronment . The low protBin, crystalline lysine supplemented 
diets wBre more efficiently utilized for growth in pigs 
maintained in the warm environment, but not in those main­
tained in the low or thermoneutral environment. Subsequent­
ly, Stahly et al. C19B11 reported that pigs fed a low pro­
tein, lysine supplemented diet gained as fast as pigs fed a 
high protein diet regardless of the season of the year.
Effect of crude fiber levels. Dietary fiber consists prima­
rily of the insoluble cell walls of plants. Mammals do not 
possess endogenous enzymes capable of digesting diBtary 
fiber; however, the microorganisms present in the gastroin­
testinal tract contain fibrolytic enzymes. Pigs possess a 
relatively small microbial population in their lower gastro­
intestinal tract CTurlington et al., 1903).
The addition of fibrous feedstuffs to swine diets con­
sisting predominantly of cBreal grains has been shouin to 
depress the amount of energy digested CBowland et al., 
1970). The lowered efficiency of energy utilization in pigs 
fed fibrous feedstuffs is apparently the result of a greater 
proportion of the absorbed energy being lost as heat incre­
ment. This heat increment in pigs fed fibrous diets is 
thought to be due largely to additional heat produced from 
the microbial digestion of fiber and from the cellular 
metabolism of volatile fatty acids CStahly et al., 19B3).
The heat that is released during the digestion and meta­
bolism of fibrous feedstuff is lost or has no nutritional 
value in animals maintained in a thermal neutral or warm 
environment, but it may be important in meeting the energy 
requirement of pigs in cold environments where additional 
energy is required for maintaining the body temperature.
Nutrient digestibility may be affected by fiber inclusion 
in the diet. Lloyd and Crampton C1955) reported that for 
each unit of crude fiber in thB diet, the digestibility of 
crude protBin decreased proportionally. Bowland et a l . 
C1970) found that the digestion coefficient for all organic 
nutrients and energy decreased as crude fiber levels in the 
diet increased; and Stevenson et a l ., C1959) reported that 
total digestible energy of the diet decreased proportionally 
to increased dietary fiber. The source of crudB fiber may
be a Factor in energy utilization as crude fiber from dif­
ferent sources has different digestibilities CTroelsen and 
Bell, 1953}.
Baird et al. C1970) reported that increased crude fiber
levels at constant energy levels had no effect on rate and 
efficiency of gain. They indicated that pig performance is 
influenced mare by the energy level than by crude fiber 
level in the diet. Differences in performance due to energy 
level mere greater than differences due to crude Fiber 
levels.
Thuroid hormones. The thyroid gland secretes the metabolic 
hormones thyroxine Ctetraiodothyronine or T^), and triiodo­
thyronine which regulate oxygen consumption of the
majority of the cells. In the normal state, thB quantities 
secreted by the gland ensure that thB cellular metabolism is 
optimal CLee and Laycock, 19703 .
The thyroid gland has been recognized as an endocrine 
gland for many years; however, the chemistry of the active 
hormone is still unsettled. There is evidence that both 
thyroxine and triiodothyronine are active biologically.' The 
thyroid hormones, regardless of their structure, require 
iodine as an essential part of the molecule in order to be 
biologically active. The calorigenic Cheat-producing) acti­
vity of the thyroid hormones account for about one half of 
the basal metabolic rate of the normal animal’ CFrandson, 
1974) .
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Thyroid hormones are involved in the regulation of growth 
as well as metabolic rate. A deficiency of thyroid hormones 
results in retarded growth rate, whereas excessive release 
of thyronines results in increased metabolic rate with a 
concomitant reduction in weight gain or even wBight loss 
CIngbar and Washer, 1974).
A major factor affecting the rate of secretion and utili­
zation of thyroid hormones in animals is a change in ambient 
temperature CReichlin, 1966; Freinkel and Lewis, 1975). It 
has been demonstrated that an increase in heat loss from an 
animal is followed by the release of thyroid-stimulating 
hormone and a subsequent increase in thB secretion of thy­
roxine CHershman et al., 1970).
Ingram and Mount C1965) exposed young pigs to ambient 
temperatures of 27 and 33, or 25 and 35 C. After two weeks, 
oxygen consumption of the animals housed at the higher 
temperatures was lower than that of their littermate con­
trols. They suggested that there was the possibility that 
the reduction in metabolic rate of animals living above 
their critical temperature Ci.e. the ambient temperature 
below which metabolism increases) was related at least in 
part to a reduction of thyroid hormone secretion.
Stahly et al. C1979) and Stahly and Cromwell C1979)
reported increased weight of the thyroid gland of pigs 
maintained in a cold environment. They postulated that the 
hypertrophy of the thyroid gland was d u B  to an increase in
the metabolic rate of the pigs housed at low environmental 
temperature.
Evans and Ingram C1977) found that although exposure to 
cold initiated an increase in the secretion of , the rate 
of utilization of thyroxine remained unchanged unless feed 
intake was increased. Subsequently Ingram and Kaciuba-Uscil- 
ko C1977) reported that in growing pigs, changes as great as 
those associated with the combination of a fall in ambient 
temperature and an increase in energy intake, could be 
caused by a similar increase in energy intake alone. They 
concluded that energy intake was the major factor determin­
ing the rate at which thyroxine was used and that tempera­
ture had no effect.
Serum cholesterol. It has been well established that an 
elevated serum cholesterol level is one of the main factors 
indicating a susceptibility to atherosclerotic hBart disease 
CTruswell, 197E3). Long-term studies correlating various 
metabolic and behavioral parameters have shown that elevated 
levels of serum cholesterol represent a risk factor for the 
development of coronary disease CKagan et al., 196E).
Blood cholesterol is derived not only from the diet, but 
also from endogenous synthesis. The major catabolic pathway 
of cholesterol is the conversion to bile acids. The main 
secretory route of both cholesterol and bile acids is via 
the feces CKritchevsky, 1970).
In general, saturated fat is more cholBsterBmic for hu-
15
mans than unsaturated Fat CArhens, 1957). In animals, satu­
rated fat is more atherogenic than unsaturated Fat CKrit- 
chevsky et al., 1954). One oil that does not Fit this pat­
tern is peanut oil which has an iodine value of 93 and is 
still inordinately atherogenic For rats CGresham and Howard, 
I960). When Fed as part of a semipurified, cholesterol-free 
diet, peanut oil was less atherogenic than coconut oil or 
butter, but more atherogenic than corn oil CKritchevsky et 
al., 1975).
Pond et al. CI960) found that serum cholesterol in pigs 
was reduced when high protein diets were fed compared with 
low protein diets, even though tallow at 10 % was added to 
thB diets. Soy protein, when added to high fat high choles­
terol diets, appeared to have an hypocholesterolemic effect 
on pigs compared with a casein containing diet CKim et al., 
1980). Meeker and Kesten C1941) reported that a diet con­
taining casein and cholesterol was significantly more athe­
rogenic than one containing soy protein and cholesterol.
It has been suggested that the fiber content of the diet 
is related to the incidences of atherosclerosis CTrowell, 
1972). Although dietary Fibers are generally considered as a 
group, they do not necessarily have similar effects. Some of 
the dietary fibers such as pectin and carragheenan have been 
shown to have a hypocholesterolemic effect CErshoff and 
Wells, 19B2; Mokady, 1973), but other dietary fibers such as 
gum arabic and agar have had an inconsistent effect in
lowering serum cholesterol levels CWells and ErshoFF., 1961;
Fahrenbach et a l ., 1966; Kiriyama et a l ., 19691.
Tsai et al., C19761 studied the eFFect oF several types 
oF Fiber on serum cholesterol level in rats. They Found that 
pectin displayed the most hypocholesterolemic eFFect, car- 
ragheenan was inconsistent in lowering serum cholesterol 
levels, while wheat bran or cellulose did not have a signi- 
Ficant eFFect on cholesterol level.
Cookson et al. C19671 Fed rabbits soybean meal or soybean 
meal and alFalFa meal Cl:9 ratiol plus a daily dose oF 600 
mg oF cholesterol. AFter 10 weeks, only the rabbits Fed 
soybean meal were hypercholesterolemia and atherosclerotic. 
ThB soybean meal and alFalFa meal-Fed animals exhibited 
normal serum lipids and had no atherosclerosis.
Kim at al., C19B11 compared the eFFect oF Fat C90, 30,
and 0 g butter1 added to mash-based swine diets on serum 
cholesterol. Butter C90 gl resulted in increased serum cho­
lesterol levels oF pigs. When wheat bran was used as a Fiber 
source, the serum cholesterol level still was increased. 
They concluded that wheat bran was not beneFicial in lower­
ing serum cholesterol in swine.
The mechanism oF action oF Fiber is not yet clear. It 
does reduce intestinal transit time and increase Fecal bulk 
which may result in reduced availability oF nutrients CKrit- 
chevsky, 1970). Many types oF grains and Fiber bind bile
acid and bile salts, and this binding inhibits cholesterol 
absorption (Eastwood and Hamilton., 196B).
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Protein gualitu and amino acid availabilitu. The area oF 
protein and amino acid availability has been of considerable 
interest For research workers and Feed producers For many 
years. The composition oF amino acids in pig tissues appears 
to be relatively constant and can be regarded as a measure 
oF the ultimate amino acid requirement oF the pig CUilliams, 
1954 5. This suggests that the ideal composition, or balance 
oF amino acids in the pig’s diet should be relatively con­
stant provided that the proportion oF each amino acid that 
is absorbed is similar to that oF pig tissue CFuller and 
Chamberlain., 19B25. The relative amounts oF the diFFerent
essential amino acids needed For deposition oF 1 g oF lean 
tissue should be the same in each case. Thus, it should be 
possible to establish an optimum balance oF essential amino 
acids For growth which when supplied with suFFicient nitro­
gen For the synthesis oF non-essential amino acids, would 
constitute the 'ideal protein’. Pigs oF diFFerent classes 
Cweight, sex, breBd, etc.5 would require diFFerent amounts 
oF the ideal protein, but the quality oF the protein would 
be the same in each case CCole, 19795.
Determination oF amino acid content oF FeedstuFFs For 
animal diets is possible through ion exchange chromatogra­
phy ; however, thesB values are useFul only in predicting the 
potential nutritive value oF the protein to the animal under 
study. The reason For this is due to the Fact that amino 
acids in protein are not 100 % available to the animal
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during the course of digestion and metabolism CMcNab, 1379).
Although much time has been devoted to find a rapid and 
accurate way of measuring amino acid availability, diets are 
still being formulated on a total amino acid basis. There 
are several methods that have been used for determining 
availability of amino acids in feedstuffs. Among these are 
biological, enzymatic, chemical, microbiological, and fecal 
and ileal assays. Probably one of the mast used methods to 
measure protein quality is that developed by Carpenter and 
Ellinger C1355) and Bruno and Carpenter C1357). The method 
attempts to measure chemically CDinitro-flourobenzBne me­
thod) the amount of lysine in a feedstuff that is available 
to the animal and it is based on the method of Sanger 
CISIS).
With the ingredients that are available routinely for 
swine diet formulation, it may not be passible to achieve an 
optimum balance of amino acids. Some amino acids may be 
undersupplied and some oversupplied. In a conventional corn- 
soybean meal diet, the first limiting amino acid is lysine, 
while arginine, leucine, histidine and phenylalaninB-tyro­
sins levels are well above the minimum requirement CSouthern 
and Baker, 1302).
One way of improving dietary protein quality is by formu­
lating for the second most limiting amino acid in a corn- 
soybean meal diet. In this manner, the amino acids that are 
in excess can be lowered, and the most limiting one, lysine, 
can be supplied synthetically.
19
The use of synthetic amino acids has the advantage that 
they are 100 X available compared with protein-bound amino 
acids CBatterham, 19791. However, replacement of a portion 
of thB protBin-bound lysine with free lysine has not neces­
sarily resulted in similar pig performance. Dent et al. 
C19703 compared lBast cost formulated diBts, and observed 
that inferior pig performance resulted from diets containing 
a high proportion of free lysine. They speculated that 
differential rates of absorption of free versus protein- 
bound amino acids could have impaired utilization.
Research with regard to rate of absorption of free and
protein-bound amino acids gives conflicting results. Gupta 
et al. C195B3 and Rogers et al. C19603 with rats found that
protein-bound amino acids could bB digested and absorbed as 
quickly as free amino acids. In contrast, Rolls et al.
(197E3 found that free amino acids were absorbed more rapid­
ly than those derived from protein.
Braude et a l . C19703 reported that portal blood flow
rates increased considerably aftBr fBBding and that this 
could result in a markBd increase in the removal of amino 
acids from the intestine without markBd differences in amino 
acid concentration in the portal blood system. Thus, the 
degree to which free amino acids are absorbed from the small 
intestines may not be detected by measurement of plasma 
amino acid concentration.
Batterham C19743 reported that thB efficiency of uti­
lization of Free lysine by growing pigs fed once daily was 
only 43 of that of pigs given the same diet in six equal 
portions at three-hour intervals. He suggested that the 
lower response with once daily feeding was due to differen­
tial rates of absorption of free lysine compared with pro­
tein-bound amino acids. He also suggested that by frequent 
feeding, a more balanced supply of amino acids would arrive 
at the sites of absorption and metabolism resulting in more 
efficient utilization.
MATERIALS AND METHODS
Seven Feeding trials uiere conducted utilizing 41E cross­
bred pigs. There were two consecutive summer and winter 
trials where high and low-heat increment diets were Fed to 
growing-Finishing swine, and three trials where variable 
lysine level and source were Fed to pigs during the starting 
phase oF growth.
UJinter trials. Two trials were conducted with H E  crossbred 
pigs during two consecutive winters. The pigs were housed in 
a closed, well ventilated building with totally slatted 
Floors in B.4 x 1.8 m pens during the growing period, and in 
a open-Front Facility in 1.5 x 6.4 m pens with solid con­
crete Floors during the Finishing period. Feed and water 
were provided ad libitum, and weight gain and Feed intake 
were determined at two week intervals. Pigs were alloted to 
dietary treatments on the basis oF sex and weight in the 
First experiment, and ancestry, sex and weight in the second 
experiment. The First trial involved 48 pigs with an average 
initial weight oF 7B.6 kg. The second trial used 64 pigs 
with an average initial weight oF 36.8 kg. Each experimental 
diet was Fed to Four replicates oF three pigs each in trial 
1 and to Four replicates oF Four pigs each in trial B. The 
First trial was terminated aFter 40 days, and the second
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after 70 days, when average final weights were 109.0 kg and 
101. E kg, respectively. The first winter trial was conduc­
ted during February and March, 1983; and the second from
January to March, 1984. The average daily temperatures dur­
ing the experimental periods were IS.5 C +4.3 and 11.5 C + 
5.5 for trials 1 and S, respectively.
The experimental dists Ctables S, 3 and 4) were formu­
lated to meet the nutrient requirement of growing-finishing 
swine (National Research Council, 1979). Computer diet for­
mulation techniques were employed to insure that all diets 
contained a similar metabolizable energy:lysine ratio and 
that all other nutrients were present in adequate concentra­
tions .
In trial 1, diet 1 was a fortified corn-soybean meal diet 
formulated on a lysine minimum requirement basis. Diets S, 3 
and 4 were based on the same formulation. The energy content 
of diets S and 3 was varied by the addition of 10 % dehy­
drated alfalfa meal and by 5 5s soybean oil, respectively. 
Diet 4 contained the combination of 10 5s dehydrated alfalfa 
mBal and 5 \ soybean oil.
Diets in the second winter trial were different from 
those in the first winter trial in that diet 1 was formu­
lated on a minimum crude protein requirement basis (16 and 
14 \ for the growing and finishing period, respectively) and 
the level of dehydrated alfalfa meal, in diets E and 4, was 
5 \ rather than 10 %.
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TABLE 2. PERCENTAGE COMPOSITION OF DIETS CWINTER TRIAL 1).
Inaredients
Diets
1 2 3 4
Corn B2 .03 76.25 74.30 68.56
Soybean meal 15.11 11.21 17.B4 13.90
AlFalFa meal 10.00 10.00
Soybean oil 5.00 5.00
DeFluor. rock P0,.4 1.06 1.15 1.09 1.17
Oyster shell Flour .50 .09 .47 .07
&Uitamin premix 1.00 1.00 1.00 1.00
Trace mineral salt*3 .30 .30 .30 .30
Total 100.00 100.00 100.00 100.00
Crude Protein 13.61 13.16 14.15 13.69
Crude Fiber C^Dc 2.SI 4.B9 2.94 4.92
Lysine C5sD .61 .58 .66 .63
MEd 3201 3023 34B5 3307
ME:Lysine 5247 5212 52B0 5249
aUitamin premix provided the Following per Kg oF diet: 
vitamin A, 3307 III; vitamin D, 8B2 IU; vitamin E, 16 IU; 
Uitamin K, 24 mg; riboFlavin, 4.4 mg; d-pantothenic acid,
11.0 mg; niacin, 22.0 mg; vitamin B^, 22.0 ug; choline 
chloride, 66B.0 mg.
bTrace mineral premix provided the Following per Kg d F 
diet: iodine, .17 mg; manganese, 7.0 mg; capper, 12.9 mg;
cobalt, .63 mg; iron, 30 mg; zinc, 100 mg; selenium, .1 
mg; sodium chloride, 2.96 g.
c Determined levels oF crude Fiber.
dKcal oF Metabolizable energy per Kg oF Feed.
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TABLE 3. PERCENTAGE COMPOSITION OF DIETS CUJINTER TRIAL 2)
Inoredients
Growino diets
1 2 3 4
Corn 77.10 73.60 69.13 65.63
Soybean meal 20.94 19.62 23.93 22.60
AlFalFa meal 5.00 5.00
Soybean oil 5.00 5.00
DeFluor. rock PO^ .02 .06 .04 .00
Oyster shell Flour .69 .47 .65 .44
Uitamin premix .10 .10 .10 .10
Trace mineral salt*3 .35 .35 .35 .35
Total 100.00 100.00 100.00 100.00
Crude Protein 16.00 15.90 16.61 16.59
Crude Fiber C50c 3.22 4.24 3.29 4.32
Lysine C5s3 .00 .79 .07 .06
MEC 3211 3167 3405 3441
ME:Lysine 4013 4009 4006 4001
aUitamin premix provided the Following per Kg of diBt: 
vitamin A, 30B6 IU; vitamin D, 309 IU; vitamin E, 11 IU; 
menadione sodium bisulfite, 2.2 mg; riboFlavin, 2.2 mg; d- 
pantothBnic acid, 9.9 mg; niacin, 15.4 mg; vitamin ,
22.0 u g ; cholinB chloride, 220.5 mg.
bTrace mineral premix provided the Following per Kg of
diet: iodine, .35 mg; manganese, 20 mg; copper, 0 mg;
cobalt, .75 mg; iron, 90 mg; zinc, 100 mg; selenium, .1
mg; sodium chloride, 2.96 g.
c Determined levels of crudB Fiber.
^Kcal of MetabolizablB energy pBr Kg of FeBd.
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Table 4. PERCENTAGE COMPOSITION OF DIETS CUJINTER TRIAL 21.
InorediBnts
Finishino diets
1 2 3 4
Corn 02.93 79.35 75.44 71 .07
Soybean meal 15.23 13.9B 17.73 16.47
Alfalfa meal 5 .00 5.00
Soybean oil 5.00 5.00
Defluor. rock P0.,4 .66 .70 . 69 .73
OystBr shell flour .73 .52 .69 . 4B
Uitamin premixa .10 .10 .10 .10
TracB mineral salt'3 .35 .35 .35 .35
Total 100.00 100.00 100.00 100.00
Crude Protein CSO 14.00 14.00 14.44 14.45
Crude fiber ( % ) c 2.02 3.90 2.95 4.02
Lysine Ck) .65 .64 .70 .69
MEC 3220 3103 3504 3459
ME:LysinB 4966 4973 5005 5013
aUitamin premix provided the following per Kg of diet: 
vitamin A, 3006 IU; vitamin D, 309 IU; vitamin E, 11 IU; 
menadione sodium bisulfite, 2.2 mg; riboflavin, 2.2 mg; d- 
pantothenic acid, 9.S mg; niacin, 15.4 mg; vitamin ,
22.0 ug; choline chloride, 220.5 mg.
^Trace mineral premix provided the following pBr Kg of
diet: iodinB, .35 mg; manganese, 20 mg; copper, 0 mg;
cobalt, .75 mg; iron, SO mg; zinc, 100 mg; selenium, .1
mg; sodium chloride, 2.96 g.
C Determined Ib v b Is  of crude crude fiber.
^Kcal of Metabolizable energy per Kg of feed.
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Summer trials. Two trials involving 144 pigs were conducted 
during two consecutive summers. The pigs were housed in the 
same facilities as the pigs in the winter trials. Pigs were 
provided with Feed and water ad libitum, and weight gain and 
feed intake were measured at two week intervals. Pigs in 
both summer trials were alloted to dietary treatments on the 
basis of ancestry, sex and weight. The first summer trial 
involved BO pigs with an average initial weight of S3.B kg. 
The second involved B4 pigs with an average initial weight 
of 3B.B kg. Each experimental diet was Fed to four repli­
cates of five pigs each in trial 1 and to four replicates of 
four pigs each in trial E. The first summer trial was termi­
nated after 97 days when average final weight of the pigs 
was 105.B Kg. The second trial was terminated after 84 days 
when average final weight was 105.4 Kg. The first trial was 
conducted from July to October, 1903 and the second from
July to September, 19B4. The average daily temperatures were 
30 C + 3.E and SB.7 C +,1.3 in trials 1 and E, respectively.
The experimental diets Ctables 5 and 6) were formulated 
to meet the nutrient requirement of growing-finishing swine 
CNational Research Council, 1979). Computer diet formulation 
techniques were employed to insure that all diets had a 
similar metabolizablB energy:lysine ratio and to keep si­
milar metabolizable energy:protein ratio between diets 1 and 
3, and between diets E and 4.
Diet 1 was a fortified corn-soybean meal diet formulated 
on crude protein minimum requirement basis CIB and 14 % for
TABLE 5. PERCENTAGE COMPOSITION OF DIETS CSUMMER TRIALS)
Growing diets
Inaredients 1 E 3 4
Corn BE. 03 76. E5 74.30 6B.56
Soybean meal 15.11 11 .El 17.B4 13.90
Lysine.HC1 .E0 .14
Soybean oil 5.00 5.00
Defluor. rock P0^ .BE .94 .84 . 9E
Oyster shell Flour .69 . BE .65 .61
Uitamin premix3 .10 .10 .10 .10
Trace mineral salt*3 .35 .35 .35 .35
Total 100.00 100.00 100.00 100.00
Crude Protein C3s) 16.00 14.00 16.61 15.19
Lysine C5s) .B0 .B0 . B7 . B7
MEC 3E11 3S15 34B5 34B9
ME:Lysine 4013 401B 4006 4010
3Uitamin premix provided the Following per Kg of diet:
vitamin A, 30BG IU; vitamin D, 309 IU; vitamin E, 11 IU;
menadione sodium bisulfite, E.E mg; riboFlavin, E.E mg; d- 
pantothenic acid, 9.9 mg; niacin, 15.4 mg; vitamin B12, 
EE.O ug; choline chloride, EE0.5 mg.
TracB mineral premix provided the following per Kg of
diet: iodinB, .35 mg; manganese, EO mg; copper, B mg;
cobalt, .75 mg; iron, 90 mg; zinc, 100 mg; selenium, .1 
mg; sodium chloride, E.9B g.
c Kcal of Metabolizable energy per Kg of feed.
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TABLE 5. PERCENTAGE COMPOSITION OF DIETS CSUMMER TRIALS!)
Innredients
Finishino diBts
1 E 3 4
Corn BE. 91 BB.EB 75.44 79. E5
Soybean meal 15. E5 9.6E 17.73 13.74
Lysine.HC1 .EO .14
Soybean oil 5.00 5.00
Defluor. rock PD^ .66 .78 .69 .77
Oyster shell flour .73 .67 .69 .65
Uitamin prBmix3 .10 .10 .10 .10
Trace mineral salt*3 .35 .35 .35 .35
Total 100.00 100.00 100.00 100.00
Crude Protein C5sD 14.00 IE. 00 14.44 13. OE
Lysine C5iD .64 .64 .70 .70
MEC 3EE9 3E33 3504 3507
ME:lysine 5045 5035 5005 5010
aUitamin premix provided the following per Kg of diet:
vitamin A, 30B6 IU; vitamin D, 309 IU; vitamin E, 11 IU;
menadionB sodium bisulfite, E.E mg; riboflavin, E.E mg; d- 
pantothBnic acid, 9.9 mg; niacin, 15.4 mg; vitamin 
EE.O ug; choline chloride, EE0.5 mg.
^Trace mineral premix provided the following per Kg of
diet: iodine, .35 mg; manganese, E0 mg; copper, B mg;
cobalt, .75 mg; iron, 90 mg; zinc, 100 mg; selBnium, .1 
mg; sodium chloride, E.9B g.
cKcal of HBtabolizablB energy pBr Kg of feed.
the grouting and finishing period, respectively}. In diet E, 
the crude protein level was lowered E \ and crystalline 
lysinB was added tD bring the total lysine level equal to 
that of diet 1. Diets 3 and 4 were similar to diets 1 and E, 
except soybean oil was added to increase the energy density 
of the diets, and thB level of crude protein was increased 
to maintain the same energy:protein ratio as in diets 1 and 
E, respectively. The metabolizable energy:lysine ratios 
were identical for all diets.
Lusine utilization trials. Three trials, involving 15E cros­
sbred pigs, were conducted to study the effect of source and 
level of lysine on performance and rate of lysine cata­
bolism. Pigs were housed in a closed facility with vinyl 
coated expanded metal floors in l.E x 1.0 m pens. Feed and 
water were provided ad libitum and weight gain and feed 
consumption were determined every two weeks. Pigs were al- 
loted to dietary treatment on the basis of ancestry, sex, 
and weight. Average initial weights were 15.0, 13.E, and
13.0 for experiments 1, E and 3, respectively. Each experi­
mental diet was fed to four replicates of three pigs Bach in 
trial 1, and to three replicates of four pigs each in trials 
S and 3. The first and third trials were terminated after SB 
days, and the second trial after E5 days, when average final 
weights were S7.7 E4.1, and E8.4 for trials 1, E and 3, 
respectively.
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The experimental diets (tables 7 and B) were formulated 
to meet the nutrient requirements oF growing swine CNational 
Research Council, 1979D. Computer diet formulation tech­
niques were employed to insure that the diets were isonitro- 
genous, and that all nutrients, except lysine, were adequate 
for young pigs.
In trials 1 and E, diet 1 Cbasal} was formulated in such 
a way that the level of tryptophan was .14 %. In this diet, 
all the essential amino acids were above the minimum re­
quirement , except lysine which was formulated to reach a 
level of .67 . Crystalline lysine was added to diets E and
3 such that the predicted level of lysine was increased .05 
and . 10 , respectively, compared to the basal diet. Diets 4
and 5 had lysine levels equal to those in diets E and 3, but 
the lysine was provided by altering the corn:soybean meal 
ratio. In the third trial , diet 1 Cbasal) was the same as 
in trials 1 and E , and in diets E and 3, the total lysine 
level was increased by addition of .E7 ?s of lysine coming 
from either crystalline or natural sources, respectively. 
The third experiment was designed to evaluate performance of 
pigs fed synthetic or natural lysinB, but at levels used in 
practical feeding.
Biological samples. At the end of the two winter and the 
First summer trials, blood samples mere takBn from thB 
anterior vena cava of two pigs Cone barrow and one gilt} in 
each pen. In the second summer trial, blood samples were
TABLE 7. PERCENTAGE COMPOSITION OF DIETS CLYSINE UTILIZA­
TION TRIALS 1 AND 33.
Innredients
Diets
1 E 3 4 5
Corn 7B.50 78.50 7B.55 78.07 77.68
Soybean meal 1B.E5 16 .55 1B.4E IB. IB 19.9E
Defluor. rock PO,̂ 1 . E5 1.E5 1.35 1.35 1.35
OystBr shell flour .BO .60 .60 .60 .60
Uitamin premix3 .EQ .SO .30 .SO .30
Trace mineral salt b .35 .35 .35 .35 .35
Lysine.HC1 .06 .13
Glutamate E.B5 E.BO E .50 1 .35
Total 100.00 100.00 100.00 100.00 100.00
Protein Ck) 13.90 13.9B 13. SB 14.71 15.44
Nitrogen Ck) E.B3 E.B3 E.B3 E.63 E.63
LysinB Ck) . B7 . 73 .77 . 7E .77
Av. Lysine Ck l C .50 .58 .66 .59 .65
MEd 311E 3117 311S 315B 319B
aUitamin premix provided the following pBr Kg of diet:
vitamin A, B17E IU; v itamin D, BIS IU; vitamin E, EE IU; 
menadione sodium bisulfite, 4.4 mg; riboflavin, 4.4 mg; d- 
pantothenic acid, 19.B mg; niacin, 30.B mg; vitamin B̂ -,,
44.0 ug; cholinB chloride, 441.0 mg.
^TracB mineral prBmix provided the following per Kg of 
diet: iodine, .70 mg; manganese, 40 mg; copper, IB mg;
cobalt, 1.5 mg; iron, ISO mg; zinc, E00 mg; selenium, .E 
mg; sodium chloride, 5.9E g.
cDetermined Ib v b Is  of available lysinB. 
dKcal of Metabolizable energy per Kg of feed.
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TABLE B. PERCENTAGE COMPOSITION OF DIETS CLYSINE UTILIZA­
TION TRIAL 3)
Diets
Inoredients 1 2 3
Corn 70.50 81.13 70. BB
Soybean meal IB.25 IB.04 26.74
DeFluor. rock P0^ 1 .25 1 .25 1.25
Oyster shell Flour .BO .60 .60
Uitamin premix3 .20 .20 .20
Trace mineral*3 .35 .35 .35
Lysine.HC1 .37
Glutamate 2.B5
Total 100.00 100.00 100.00
Protein Ck) 13. SO 14.04 17.BB
Nitrogen Ck) 2.63 2.63 3.06
Lysine Ck~i .67 .95 .95
cAv. Lysine Ck^ .51 .BE .73
MEd 3112 3195 3102
3Uitamin premix provided the Following per Kg oF diet:
vitamin A, B172 IU; vitamin D, BIB IU; vitamin E, 22 IU;
menadione sodium bisulF ite, 4.4 mg; riboFlavin, 4.4 mg; d-
pantothenic acid, 19.B mg; niacin, 30.B mg; vitamin B1P,
44.0 ug; choline chloride, 441.0 mg.
Trace mineral premix provided the Following per Kg of 
diet: iodine, .70 mg; manganese, HO mg; copper, IB mg;
cobalt, 1.5 mg; iron, 180 mg; zinc, 200 mg; selBnium, .2 
mg; sodium chloride, 5.32 g.
CDetBrmined Ib v b I s  of available lysinB.
Kcal of Metabolizable energy pBr Kg of feed.
taken Dn days 10, 50 and B5 of the experimental period. The
blood samples were allowed to clot and then centrifuged. The 
serum of the gilt and barrow within each pen was pooled and 
frozen for future analysis.
In lysine utilization trial 2, pigs were fasted over­
night. The fallowing morning, feeders were returned to the 
pBns at 5-minute intervals. ThB pigs were allowed to eat one 
hour and then feed was withheld again and blood samples were 
collected 2 and 4 hours later from the anterior vena cava of 
one barrow and one gilt in each pen. Blood samples were 
allowed to coagulate and after centrifugation the serum of 
the gilt and barrow within each pen was pooled and frozen 
for future analysis. Ohb gilt from each pen was sacrificed 
and liver samples were taken and frozen immediately with dry 
ice and acetone.
One gilt from each replicate was sacrificed in the third 
lysine utilization experiment. Blood samples were taken di­
rectly from the heart and liver samples were taken and 
frozen immediately in a mixture of dry ice and acetone.
Laboratoru analuses. All feed Sc\mples were analyzed for ni­
trogen by the micro-Kjeldhl procedure CAssociation of Offi­
cial Analytical Chemist, 19B4) and then converted to crude 
protein by multiplying by the constant, 5.25. Feed from the 
winter experiments was also analyzed for crude fiber by the 
fritted glass crucible method CAssociation of Official Ana­
lytical Chemist, 1994} . Feed in the lysine utilization 
trials mere analyzed For available lysine by the trinitro­
benzene sulfonic acid method CKakade and LiBner, 1969} .
Serum From pigs in thB winter and summer trials were 
analyzed For T^, T^, and cholesterol concentration.
Serum From pigs in the lysine utilization trials were 
analyzed For lysine concentration. Liver samples in the same 
experiments were analyzed For lysine alpha-ketoglutarate 
reductase activity.
ThuroxinB and TriiodothuroninB assaus. Concentration of 
and in serum was determined using radioimmunoassay based 
Dn the method of Murphy and PattB C1964}. Radioimmunoassay 
CRIA} kits were purchased From Amersham Corporation CAr­
lington Heights, Illinois}. These RIA kits, which utilize 
thiomersalate in a sodium barbitone buffer to dissociate 
and From serum binding proteins, were validated For use 
in porcine serum by Parker et al. C19B0}. They Found that
serially diluted porcine serum was parallel to thB standard 
when assayed with the Amersham kits. In addition, they 
extracted T^ and T^ From porcine serum by charcoal absorp­
tion Cllitsuma et al . , 1972} and Found values near zero For
the thyroid hormones.
The principle of RIA method For measurement of the thy­
roid hormones depends on the competition between T^ and T^
125in serum and the radioactive hormones C 1} For binding 
sites on a T^ or T^ specific antibody. The proportion of
35
125 I labeled Dr bound to antibody is inversely related 
to the concentration of the unlabelBd or present in 
serum. Separation of the antibody bound fraction was accom­
plished by centrifugation of the suspension and decanting
the supernatant. By measuring the proportion of triiodo-
125thyronine or thyroxine I bound in the presence of refe­
rence standard sera containing various known amounts of 
or T^, the concentration of the thyroid hormones present in 
the unknown could be interpolated. The standards for tri­
iodothyronine were 0, .4, 1.0, 2.0, 4.0, and 0.0 ng/ml; and
0, 2.5, 6.0, 12.0, and 25.0 ug/100 ml for thyroxine CFigure
1 and 25.
Twenty five microliters of the standards and of the
unknown were pipetted in duplicate tubes to which 500 ul
125aliquots of the thyroxinB or triiodothyronine I solution 
were added. This was followed by the addition of 500 ul of 
the antibody suspension. Each tube was later vortexed and 
covered with plastic film. Following incubation at 37 C for 
one hour, all the tubes were centrifuged for 15 minutes at 
1500xg at 25 C. The tubes were placed into decanting racks 
to decant the supernatant, and finally were taken to a gamma 
counter to determine the percentage of labeled T^ and T^ 
bound to antibody.
Serum cholesterol analysis. Cholesterol in serum was ana­
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mous, 1972) which is based on the method of Rush e t . a l .
C1971) who developed an extraction method using a modified 
Lieberman-Burchard reagent (Huang, et al., 1961).
The principle of the analysis is a colorimetric response 
to the addition of concentrated sulfuric acid to a solution 
of cholesterol and acetic anhydride. The initial reaction 
changes to violet and finally to green. The absorbance of 
the reaction mixture is determined at 630 nm.
A working standard solution Cl mg/ml) was prepared by 
taking 5 ml of a cholesterol stock solution (5 mg/ml) in 
isopropanol (SIGMA Chemical Company, St. Louis, MO) which 
was brought to 25 ml volume with isopropanol. To correct 
for any drifting problem in the autoanalyzer, the working 
standard solutions were allocated in every ten positions on 
the sample plate. The cholesterol reagent was prepared by 
mixing 6 parts of acetic anhydride with 3 parts of glacial 
acetic acid and 1 part sulfuric acid. Serum samples were 
prepared by adding .5 ml of serum to 9.5 ml of isopropyl 
alcohol Creagent grade) in a screw-cappBd culture tube. The 
tubes were vortexed two times 30 minutes apart for 30 second 
each time. ThB mixture was centrifugBd at 1250xg for 20 mi­
nutes. The isapropy1 alcohol extracts were used directly to 
measure total serum cholesterol. The absorbance of the reac­
tion mixture was determined at 630 nm.
Lusine alpha-ketoolutaratB reductase. ThB method for this 
enzyme assay is basBd on the determination of saccharopine
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Formation by ion exchange chromatography. Lysine alpha- 
ketoglutarate reductase catalyzes the reaction of lysine and 
alpha-ketoglutarate in the presence of NADH to the end 
products saccharopine, NAD+ and water CNakatani et al., 
197E). The livBr homogenate was prepared Following thB me­
thod oF Hutzler and Dancis C196B). A piece oF Frozen liver 
Capproximately .5 gl was homogenized with 10 volume oF 85:15 
v/v NaCl C9 mg/ml1 and .1 fl potassium phosphate buFFer CpH 
7} . The homogenate was stirred For SO minutes and then 
Filtered. The incubation mixture consisted oF 70 micromoles 
oF potassium phosphate buFFer, 5 micromoles oF L-lysine.HC1, 
5 micromoles oF alpha-ketoglutarate, 6 micromoles oF NADH 
and 1.3 ml oF liver homogenate.
The incubation procedure was conducted according to the 
method oF Ulang and Nesheim C19721. The incubation was com­
pleted at 37 C For 30 minutes under N_,. Incubation without 
the addition oF substrate was also carried out as a blank. 
Incubation was stopped by the addition oF .5 ml oF 20 %
sulFosalicilic acid that also precipitated protein. The 
precipitated protein was removed by centriFugation and the 
supernatant Filtered. The same procedure was used For the 
standard saccharopine in order to determine the position in 
the chromatogram. Finally, the standard and samples were 
analyzed For saccharopine on a Model 115-C Beckman automatic 
amino acid analyzer. The column length was 55 cm and the 
buFFer pH was 4.1. Elution time For saccharopine was appro­
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ximately 70 minutes, similar to that observed For glycine.
Determination of available lusine in the diets. Available 
lysine in the experimental diets uias determined by the 
procedure oF Kakade and Liener C19E8D. It is based on the 
principle that the reagent S,4,E-trinitrobenzenesulFonic 
acid CTNBSD reacts with the terminal amino group oF amino 
acids in protein. Then, subsequent to acid hydrolysis oF the 
TNP-protein, the alpha-TNP-amino acids are extracted with 
ether while the epsilon-TNP-lysine remains in the aqueous 
phase where it can be determined spectrophotometrically.
Approximately 10 mg oF Finely ground diet sample were 
weighed and mixed with 1 ml oF 4 5s sodium carbonate solu­
tion, pH B.5. One ml oF Freshly prepared water solution oF 
.1 5s TNBS was then added. The mixture was incubated in a 
shaking-water bath at 40 C For 10 minutes Followed by addi­
tion oF 1 ml oF 1 5s TNBS and then incubated at 40 C two 
hours. AFter incubation, 3 ml oF concentrated hydrochloric
acid were added and hydrolysis accomplished by autoclaving
2at ISO C C6.B kg/cm 1 For one hour. The hydrolyzate was 
allowed to cool to room temperature and then 5 ml oF distil­
led water was added. The samples were then csntriFuged, 
Filtered and extracted two times with approximately 10 ml oF 
ether each time. This extraction removed the TNP-N terminal 
amino acids, peptides and picric acid. The residual ether 
was eliminated From the aqueous phase by placing the tubes 
in hot water For ten minutes.
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The solution was read at 340 nm against a blank that mas 
carried through the same procedure. The amount of TNP-lysine 
was calculated From a standard curve CFigurB 33 where fivB 
levels of lysine.HC1 standards CO, 0.3, 0.B, 0.9 and 1.2 mg3 
were carried through the same procedure. A regression equa­
tion was estimated and predicted values were calculated from 
the absorbance values of the feed samples.
Determination of lusine in serum. The procedure for lysine 
determination in serum fallowed thB method of Nakatani et 
al. C19723. ThB method is based on the principle that during 
the course of lysine metabolism, NADH and alpha-ketogluta- 
rate are required and saccharopine and water are thB end 
products. Following the change of absorbance due to the 
disappearance of NADH, the level of lysine in serum can be 
determined.
The homogenate was prepared by mixing 1 ml of serum with 
1 ml of 5 i trichloroacetic acid. After centrifugation, the 
precipitate was washed with 2 ml of 5 trichloroacetic acid 
solution and thB supernatant was adjusted to pH 7 with B N 
potassium hydroxide.
The standard assay mixture contained, in 1.5 ml, .1 M 
potassium phosphate buFFer CpH 73, .13 micromoles of NADH, 4
micromoles of alpha-ketoglutarate, and a appropriate amount 
of serum extract.
















0.4 -  
0.3 -
0 .2  -4------- 1--------1-------- 1--------1--------1-------- 1--------1-------- — ,---- ,--------1--------- 1------
0 0.2 0.4 0.6 0.8 1 1.2
CRYSTALLINE LYSINE LEVEL (m g)
i 1- - - - - 1- - - - - 1- - - - - 1- - - - - 1- - - - - 1— — i- - - - 1- - - - - 1- - - - r
to
43
pine dehydrogenase Cone unit is the amount of enzyme that 
catalyzes the oxidation of one micromole of NADH) to the 
incuhation mixture. It was incubated at 22 C for 30 minutes 
and the absorbance in the blanks and in the samples measured 
at 340 nm in a spectrophotometer. The difference between the 
absorbance of the blank and of thB samples were calculated 
and lysine concentration was determined by dividing these 
differences by the extinction coefficient of NADH C6.22) and 
then multiplied by the amount of the assay mixture Cl.5 cc).
Statistical analuses. The experimental designs were rando­
mized complete block design with factorial arrangement of 
treatments CE x E in the winter and summer trials, and E x 3 
in the lysine utilization trials, respectively). Pigs were 
blocked by initial weight. Two levels of soybean oil CO or 
5 'y'.'i and two levels of dehydrated alfalfa meal CO or 10 and
0 or 5 *4. in trials 1 and E , respectively) were fed to pigs 
in the winter trials. In the summer trials, two levels of 
crystalline lysine C 0 or .13 %) and two levels of soybean 
oil were fed. In the lysine utilization trials, two sources 
of lysine Ccrystalline or protein-bound lysine) were added 
to a basal diet C.67 % lysine) at three levels CO, .05, or 
.10) for trials 1 and E, and two levels CO or .27 %) for 
trial 3. Orthogonal comparisons were run to study linear and 
quadratic Bffscts of lysine source and levBl on pig perfor­
mance, serum lysine level, and lysine alpha-ketoglutarate 
reductase activity in liver.
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Multiple regression equations mere estimated for total 
and available lysine intake on rate of gain. Because the 
intercepts For protein-bound lysine and crystalline lysine 
were not different CP>.10), a common intercept was used in 
order to compare the slope of both sources CSasse and BakBr, 
19731.
The probability Ib v b I used to estimated significant dif­
ferences was .10 or lower.
RESULTS AND DISCUSSION
WINTER AND SUMNER TRIALS
Winter trials. Performance of pigs in the winter trials are 
shown on Table 3. In the first winter trial, there was a 
tendency for a higher rate of gain of pigs fed the diets 
with low crude fiber CO % dehydrated alfalfa meal); however, 
this effect was not significant CP>.10). The daily feed in­
take was higher for pigs fed the high level of crude fiber 
CP<.07). Pigs fed the low fiber diets gained more CP< .01) 
per unit of feed intake, than those in the high fiber diets. 
Pigs fBd the high alfalfa meal diets required more metabo­
lizable energy per unit of gain CP<.01) than pigs with no 
alfalfa meal in their diets.
In the second winter trial, pigs fed the low fiber diets 
also gained faster than those fed the high fiber diets 
(P<.03). There was no difference in daily feed intake 
CP>.10), but efficiency of feed utilization was slightly 
superior for pigs fed the low crude fiber diets CP<.10). In 
contrast to trial 1, crude fiber level did not influence 
efficiency of energy utilization CP>.10).
The purpose of adding alfalfa meal to the diets in thB 
winter trials was to increase the levBl of crude fiber so 
that the heat increment would be increased duB to microbial 
digestion in the lower part of the intestine. The increased 
heat increment would be used to keep the pig’s body warm
and consequently, it would spare other nutrients for tissue
45
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TABLE 9. SWINE PERFORMANCE IN WINTER TRIALS.
Experimental diets
Criteria BASALCB) B+DAMb B+0C B+DAM+D + SE
WINTER TRIAL No la
Initial Wt. CKgD 71.4£5 71.975 7E.£00 74.B75 £.07
ADB CKg) .953 .831 .950 .898 .010
ADF CKgDef 3.14E 3.531 E.9E0 3.109 .078
Gain/feed8^ .304 . £35 . 3E6 .£89 .001
ME intakB CMcall 10.057 10.675 10.1B0 10.E8E . B4£
6rical flE/kg of gain 10.5GG 1E.94E 10.73B 11.53£ 1.01
WINTER TRIAL No £d
Initial Wt. CKg) 3B.750 38.850 37.75 39.0E5 1 .96
aPADG C Kg 3 .911 . BB9 .965 .911 . 00E
ADF CKgDf S . 951 3.083 £.790 £. 76E . 0£7
Gain/feedB^ .309 .EB9 .347 .330 .001
ME intaks CMcall 9.497 9.790 9.750 9.530 .304
Meal ME/kg of gain 10.436 11.033 10.10E 10.464 .516
3 Data arB thB average of Four rsplicatBS of thrBB pigs. 
Dehydrated alfalfa meal.
Soybsan oil.
d Data are ths average of four replicatas of four pigs.
B Effsct of alfalfa msal CP<.101.
^ EffBct of soybsan oil CP<.09).
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deposition CStahly et al., 19031. The expected result was
that the pigs Fed the high crude fiber diets would be 
growing as Fast as pigs Fed diets without added alfalfa 
meal, but they would have a better Feed efficiency. The 
observed results show the opposite. The lower performance of 
pigs Fed the high alfalfa meal diets can be attributed to 
the levels of crude fiber in these diets (2.92 \ versus 4.91 
\ in the first winter trial, and 3.09 % versus 4.13 % in the 
second winter trial, for the low and high crude Fiber diets, 
respectively 1. The lower performance of pigs fed the high 
crude fiber diets may be due to lower digestibility of the 
feed. According to Bowland et al. (19701, crude Fiber de­
presses the amount of energy digested. In addition, Lloyd 
and Crampton C19551 have reported that one unit of crude 
fiber is inversely related to one unit of crude protein. 
This fact could have made the high crude Fiber diets actual­
ly deficient in digestible protein.
The high levels of crude Fiber would be beneficial if the 
environmental temperatures were below the lower critical 
temperature. In the first winter trial, the average daily 
temperature was 12.5 + 4.3 Crange 5.B to 21.1 Cl. These 
temperatures Fall very close to the thermoneutral zone For 
finishing swine C16-20 Cl. If the pigs did not need the 
extra heat increment produced by the high crude fiber le­
vels, this heat increment was of no utility and was probably 
a burden that prevented thBm From consuming more feed in
order to compensate For the lower digestibility of the Feed
they were given.
Pigs in the second winter trial werB aFFBctsd less by the 
crude Fiber level than pigs in trial 1. Pigs in trial 5 wBre 
in the growing stage when the experiment started; there- 
Fore, their thermoneutral zone was higher C17 to 29 Cl 
CHolmes and Close, 19791. During this second experimental 
period the average temperature was 11.5 C +. 5.5 Crange 1.1 
to 22.0 Cl. All oF the above Factors contributed to a re­
duced detrimental BFFect oF crude Fiber in trial 2.
Because the high levels oF crude Fiber may have decreased 
the diet digestibility and the level oF total digestible 
energy, soybean oil was added For the purpose oF increasing 
the total level oF dietary energy. In the First winter 
trial, the addition oF 5 X soybean oil did not aFFect daily 
gain CP>.101, but it reduced Feed intake CP< .051 and im­
proved eFFiciency oF Feed utilization CP<.011 compared with 
pigs Fed diets without addBd soybean oil.
In the second winter trial, the addition oF 5 % soybean 
oil resulted in Faster gain (P<.091, lower Feed intake 
(P<.021, and higher Feed eFFiciency CP<.011 than For pigs 
Fed diets without soybean oil. Daily metabolizable energy 
intake and metabolizable energy per unit oF gain were not 
diFFerent CP>.101 For diets regardless oF soybean oil addi­
tion in any oF the winter trials. There was no signiFicant 
interaction between alFalFa meal and soybean oil in either 
the First or second winter trial .
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ThB results on the effect of soybean oil addition to the
diets agree well with previous results CSeerley, 1378;
Stahly and Cromwell, 13731 demonstrating no beneficial ef­
fect other than improved feed efficiency from adding fat to 
swine diets during the cool season.
Summer trials. The results of the summer trials are shown 
in table 10. Lowering the level of crude protein and re­
placing part of the natural lysine with crystalline lysine 
resulted in lower gains, feed intake and efficiency of feed 
utilization in both summer trials; these differences were 
not significant, however CP>.101. Stahly et al. C13731 found 
the same trend far pigs in the law pratBin plus synthetic 
lysine diets when pigs were maintained at 28.4 C, but not
when the pigs were maintained at 35 C .In thesB trials, the
average daily temperature during the experimental periods 
were 26.2 and 26.7 C for the first and second summer trials, 
respectively.
It was expected that low crude protein crystalline lysine 
supplemented diets would be consumed in greater quantities 
than the high protein diets because of the lower heat incre­
ment of the low protein diets. However, the results show the 
opposite in both summer trials. These results disagree with 
those of Agarwala and Sundaresan C13561 who reported that 
pigs fed lower levels of crude protein diets during a summer 
trial consumed more feed.
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TABLE 10. 5LJINE PERFORMANCE IN SUflflER TRIALS.
ExDerimBntal diets
Criteria BASALCB) B+CLb B+0C B+CL+0 + SE
SUMMER TRIAL No I3
Initial UJt. CKg) E4.100 23.475 23.975 23.525 2.0B
ADG CKg) .B3B .795 . BB4 . B60 .004
ADF CKg) 2.53E 2.559 2.443 2 .298 .039
B  FGain/feed .331 .311 .363 .374 .001
ME intake CMcal) B.162 B.250 B.535 B.040 .441
efMeal ME/kg of gain 9.74B 10.402 9.642 9.347 . 0B6
SUMMER TRIAL No 2d
Initial Wt. CKg) 32.102 37.295 36.659 36.227 2.12
ADG CKg)0 .7BS . 7B2 . B77 .BIB .002
ADF CKg)0 2.743 3.B7B 2.522 2.467 .013
Gain/Feed0 .2BB .292 .349 .331 .001
ME intake CMcal) B.B30 8.632 B.B10 B.627 .142
Meal ME/kg of gain0 11.ISO 11.034 10.0B6 10.5B9 .310
H Data are the average of Four replicates of five pigs.
b Crystalline lysine.
c Soybean oil.
d Data are the average of four replicates of four pigs. 
0 Effect of soybean Dil CP<.03).
^ Effect of crystalline lysinB x soybean oil CP<.01).
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The reason For the lower performance of pigs fed the low 
protein, lysinB supplemented diBts could have been due to 
thB total daily crude protein intake. Pigs fed the low 
protein diets consumed 86.64 and 86.6B % of the total 
protein consumed by the pigs in the high protein diets in 
the first and second summer trials, respectively. Total 
lysine intakes were similar for all diets; therefore, lower 
performance of pigs in the low protein plus synthetic lysine 
diets could have been due to another limiting amino acid, to 
the level of protein per se, or to the availability of 
lysine. It has been suggested by Rolls et a l . C13723 that 
crystalline lysinB is not utilized as efficiently as the 
lysine coming from natural sources because of thB possible 
rapid metabolism of lysine.
In the first summer trial, the addition dF 5 % soybean 
oil to the diBts resulted in lower feed intake and im­
proved, but not statistically different rate of gain 
CP>.1Q). A higher feed efficiency CP<.013 was also observed. 
A similar response occurred in the second summer trial; pigs 
fed the added oil diets had a higher rate of gain CP<.03), 
lower daily feBd intake CP<.01), and better efficiency of 
Feed utilization CP<.01) than the pigs Fed diets without 
added oil.
ThB addition of v e getable oil to thB diets resulted in no 
differences in daily energy intakB of pigs during any of the 
summer trials. However, pigs fed thB high I b v b I of vBgBtablB 
oil utilized metabolizable energy morB efficiently during
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the First and second summer trials CP<.01 and P<.0E, respec­
tively). A crystalline lysine x soybean oil interaction was 
observed for efficiency of gain and energy utilization 
CP< . 01) in the first summer trial.
The increased psrformancB of pigs fad the diBts with 
added fat may be due to the increased digestibility of the 
these diets, because the total daily metabolizable energy 
intake was not different for pigs fed diets with or without 
added fat. It could also be due to efficiency of utilization 
of fat compared with carbohydrate for tissue synthesis. 
Stahly et al. C19B4) reported that fat is more efficiently
utilized than carbohydrate for tissue synthesis because 
dietary fat is incorporated directly into body fat. This 
minimizes the heat losses associated with fat synthesis.
The smaller beneficial effect of added fat during the 
winter trials may be due to the difference in relative 
energetic value of fat compared with carbohydrate meta­
bolism. It is dependent on whether the energy sources are 
used for body maintenance or tissue synthesis. Fat is less 
efficiently utilized for maintenance than carbohydrates 
CChudy and Schiemann, 1969). During the winter trials a 
higher proportion of the energy source could have been used 
for maintenance. In addition, dehydrated alfalfa meal was in 
combination with one of the diets in the winter trials. 
Apparently, fat digestibility decreases 1.3 to 1.5 X for
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each additional 1 5s crude fiber in the diet CJust, 
1902a,b ,c).
Serum thuroid hormones■ Serum thyroid hormone data are 
shown in tables 11 and 12. Level of alfalfa meal and thus 
of crude fiber did not affect serum triiodothyronine CT^) 
or thyroxine CT^) level in any of the winter experiments. 
Pigs fed diets with added vegetable oil had higher levels Df 
serum C P<.095 than pigs without added oi1 in the first
winter experiment; however, there was no difference in the 
second winter trial. There was no difference in thyroxine 
level due to the addition of vegetable Dil.
Lowering the level of crude protein and adding crys­
talline lysine had no effect on serum triiodothyronine or 
thyroxine level in the first summer trial, but the crystal­
line lysine supplemented diets increased serum level
CP<.01) in blood samples taken at the end of the experi­
mental period in the second summer trial.
It has been reported that exposure of animals to a low 
environmental temperature increases the production of thy­
roxine CReichlin et al., 1972). This increase in release of
thyroid hormone from the thyroid gland is reduced after the 
initial increment, but after 40 hours the level of thyroxine 
goes back to its normal level before cold exposure CEvans 
and Ingram, 1977).
The rate of disappearance of thyroxine from the plasma, 
or the level of utilization was studied by several investi-
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TABLE 11. BLOOD CSERUM) PARAMETERS OF PIGS IN WINTER
TRIALS.
ExDBrimental diets
Criteria BASALCB) B+DAMb B+0C B+DAM+O + RF
WINTER TRIAL No l8
T^ Cng/ml)B S. 750 3.059 3.501 3.000 .523
T4 Cug/100 ml) 20.3BG 25.2B9 24.001 23.530 12.4
Chold Cmg/100 ml)ef 77.250 B9.250 00.000 02.000 23.4
WINTER TRIAL No 2a
T^ Cng/ml) 2.053 3.331 3.130 3.110 .616
T^ (ug/100 ml) 24.491 20.169 25.527 23.906 B.19
Cholb Cmg/100 ml) 00.500 00.500 79.000 70.500 57.1
8 Data ars the average of four replicates of two pigs. 
b Dehydrated alfalfa meal.
Soybean soil. 
d Cholesterol.
0 Effect of soybean oil CP<.09).
f Alfalfa mBal x soybean oil interaction CP<.07).
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TABLE IS. BLODD CSERUM) PARAMETERS OF PIGS IN SUMMER
TRIALS.
ExDerimental diets
Criteria BASALCB) B+CLb B+0C B+CL+0 + SE
SUMMER TRIAL No la
T_ Cng/ml)J 3.664 4.630 4.075 3.513 5.10
T4 Cug/100 ml) S7.38S S3.907 59.507 55.097 33.6
Choi01 Cmg/100 ml) 77.75 7S.000 107.500 77.500 90.3
SUMMER TRIAL No Sa
T^d Cng/ml) 1.970 5.776 5.035 5.796 1 .15
T^0 Cng/ml) S. 001 3.111 5.593 5.510 . 3B6
T3Fh Cng/ml) S.113 3.640 5.400 5.905 .415
T4d Cug/100 ml) S3.004 51.101 19.860 54.633 36.1
T4b Cug/100 ml) 16.656 16.316 51.353 17.341 10.9
T4F Cug/100 ml) IS.037 13.594 15.715 15.605 7.55
Chold01 Cmg/100 ml) 75.750 75.000 00.500 95.500 04.5
Choi00 Cmg/100 ml) 75.500 76.750 96.500 94.500 76.8
Cholf01 Cmg/100 ml) 00.500 00.500 79.000 70.500 57.1
3 Data are the average of Four replicates of two pigs. 
Crystalline lysinB. 
c Soybean sail.
’ * From blood samples taken on day 10, 50 and B5,
respectively.
0 Cholesterol.
h Effect of crystalline lysine CP<.01) .
1 EFfect of soybean oil CP<.07).
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gators CEvans and Ingram, 1979; Ingram and Kaciuba-Uscilko, 
1977; and Ingram and Evans, 19B0). They reported that on a 
low plane of nutrition, high levels of thyroid hormones 
remained in plasma after cold exposure; however, if the 
level of energy is increased, the level of thyroid hormone 
is reduced and will return to their normal value, even if 
the low temperature is maintained.
The lack of significant differences, except serum 
level in winter trial 1, in the level of thyroid hormones in 
the winter trials may be due to the fact that the blood 
samples were obtained at the end of the experimental period 
when the environmental temperature was getting warmer. In 
addition, even if the environmental temperature was still 
cold, the increased secretion of thyroxine would have re­
ceded to the normal levels after two days because energy 
intake was not restricted.
SBrum cholesterol. The addition of alfalfa meal at 5 or 10 X 
had no effect on serum cholesterol level of pigs in any of 
the winter experiments. However, an interaction between 
alfalfa meal and soybean oil CP<.07) was observed in winter 
trial 1. It is a fact that some types of fiber reduce the 
level of cholesterol by reducing intestinal transit time and 
by increasing the bulk of the digBsta and consequently re­
ducing nutrient availability CKritchBvsky, 197BD. Not all
types of fiber have the same effect on cholesterol levels.
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Cellulose, the main fiber component in alfalfa meal has been 
inconsistent in its effect on serum cholesterol. In rabbits, 
the inclusion of cellulose in the diets increased serum 
cholesterol CHamilton and Carrol, 1976). Cookson et al., 
C1967) fed alfalfa meal to rabbits and found normal serum 
cholesterol levels.
Pigs fed diBts with added vegetable oil had higher serum 
cholesterol levels CP<.01) than pigs fed diets without added 
fat in the first winter trial; however, there was no 
difference in the second winter trial.
The addition of vegetable oil increased the level of 
serum cholesterol CP<.Q5) of pigs in the first summer trial, 
and at days 10 CP<.07) and B5 CP<.01) of the second summer 
trial.
It is known that unsaturated fat, with the exception of 
peanut oil, is more choiesteroiemic than saturated fat CGre- 
sham and Horward. , 1960). As soybean oil is highly unsa­
turated, no increase in serum cholesterol was expected. 
This study shows inconsistent results. In the first winter 
trial, addition of 5 X soybean oil increased serum choles­
terol I b v b I , but it did not in thB second. In both summer 
trials, an increased serum cholesterol level was observed. 
However, this increased serum cholesterol level was not 
present in blood samples taken at day 50 even though pooled 




One hundred Fifty six weanling crossbred pigs were in­
volved in three trials For the purpose of comparing per­
formance, liver lysine alpha-ketoglutarate reductase acti­
vity, and serum lysine levels of pigs fed either natural or 
crystalline supplemented lysine diets at thrBe Ib v b I s  CO, 
.05, or .10 5s 5 in trials 1 and £, and two levels CO or .E7 
5s) in trial 3.
Pig performance. The results of pig performance data for 
trial 1 are shown on table 13. Gain, feed intake and effi­
ciency of gain increased linearly with increasing lysine 
level in thB diets CP<.011. A quadratic lysine source x 
levBl interaction was also observed for feed intake CP<.07 3. 
However, source of lysine had no effect on these performance 
parameters indicating that crystalline lysine and natural 
protein lysine were equally beneficial sources of lysine.
In trial E Ctable 14), the incremental lysine addition to 
the diet increased gain CP<.06) and efficiency of feed 
utilization CP<.05) linearly. There was no difference for 
lysinB source or thB interaction between source and level of 
lysinB CP<.10).
In the third trial Ctable 15) there was a significant 
effect of lysine addition to the diets. Orthogonal compa­
risons showed that pigs fed the diet with .67 5s lysine had 
a lower rate of gain CP<.01) and efficiency of feed utiliza-
TABLE 13. PERFORMANCE OF SUJINE FED DIFFERENT SOURCES AND








.05 .10 ±. SE 
.606Initial w t . CKg) 15.3 15.8 15.7 15.9 15.4
ADG CKg)c .346 .411 . 4B3 .456 .475 .001
ADF CKg)Cd 1.15 1.19 1.31 1 .58 1.53 .007
Gain/Feed CKg)c .698 .345 .368 .334 . 381 .001
g Formulated to contain .67 3s lysinB. 
k Data are the mean of Four rsplicatss of three pigs.
LinBar Bffsct For level oF lysins CP<.01).
11 Quadratic lysinB source x level interaction CP<.073.
TABLE 14. PERFORMANCE OF SWINE FED DIFFERENT SOURCES AND
LEUELS OF LYSINE IN LYSINE UTILIZATION TRIAL No 2.
Parameters^ 
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.05 .10 ±  ££
12.7 13.5 .531
.423 .443 .001
1 .IB 1.16 .011
.366 .332 .001
3 Formulated to contain .67 5s lysine.
^ Data are the mean of Four replicatBS oF Four pigs. 
c Linsar eFFect oF lysine level CF<.06)
TABLE 15. PERFORMANCE OF SUJINE FED DIFFERENT SOURCES AND








.57 + SE 
.158Initial wt. CKg) 14.2 13.5 13.9
ADG CKg) .457C ,S7Sd . 560d .005
ADF CKg) 1.14 1.58 1.56 .015
Gain/fBBd CKg) . 373C .447d . 446d .005
a Formulated to contain .B7 % lysine.
d Data are thB mean of threB rsplicatBS of four pigs, 
c d’ Means in ths same rouj with differsnt supBrscripts are 
different CP<.01 for gain and P<.05 for feed efficiency).
tion CP<.05) than the pigs Fed diets with .95 5s lysine. The 
source of lysine Ccrystalline vs natural lysine) did not 
affBct CP>.10) pig performance, however.
Regression between lusine intakB and dailu gain. In order to 
determine which source of lysine was more efficiently uti­
lized for gain, multiple regression analyses were run using 
total and available lysine intake. In this way, the lysine 
sources could be compared using the slope ratio procedure 
CSasse and Baker, 1973). The results, in table IB, show no 
difference in lysine utilization.
Summarizing the results of the three experiments, it is 
clear that pigs fed the basal diets which had the lowest 
lysine IbvbI C .67 5s) had the poorest performance compared 
with pigs fBd the other diBts.
Incremental addition of lysine to the diets resulted in a 
linear response in rate and efficiency of gain. The compar­
ison of the two sources, however, Failed to show any signi- 
ficant difference. TherB are some discrepancies among the 
reports of several researchers about the level of utili­
zation of crystalline lysinB. Gupta, et al., C1959) and 
Rogers et al., CI960) found that protein bound amino acids 
could be digested and absorbed as quickly as Free amino 
acids in rats. However, Roll et al. C1972) Found that Free 
amino acids were absorbed more rapidly than those derived 
from protein. The frequency of feeding, apparently, plays an
TABLE IB. MULTIPLE REGRESSION ANALYSIS DF TOTAL AND 


































































Intercept Synthetic Natural Ratio R2
Estimate 5.0062 .7344 .7604 . 955B .6926
PR < T .0001 .0001 .0001
+ SE . BB20 .1292 .1340
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important role in crystalline amino acid utilization; Bat- 
terham C1974) reported that the growth response of pigs Fed 
free lysine under a regime of once daily feeding was only 43 
5s of that achieved with frequent feeding. He pointed out 
that frequent feeding provided a more balanced supply of 
amino acids at the sites of absorption and metabolism, and 
consequently resulted in more efficient utilization of crys­
talline lysine.
Lusine alpha-ketonlutarate reductase activitu in Dins’ liv­
er . In trial 2 Ctable 171, lysine alpha-ketoglutarate reduc­
tase activity was affected by source CP<.011, level CP<.011 
and by the interaction between lysine source and level 
CP<.011. Pigs fed diets with crystalline lysine had higher 
liver enzyme activities than pigs fBd diets with hd crystal­
line lysine. Lysine alpha-ketoglutarate reductase activity 
in liver had a quadratic relationship CP<.011 with the level 
of lysine in the diet. A linear source x I b v b I interaction 
CP<.011 was also observed for enzymatic activity.
In trial 3 Ctable 181, lysine alpha-ketoglutarate reduc­
tase activity of pigs fed the basal diets Cno lysine added1 
was significantly lower than that of pigs fed diets with 
.27 \ added lysins CP<.011, regardless of the source. Pigs 
Fed diets with crystalline lysine had a higher enzyme acti­
vity than pigs Fed thB natural lysinB diet CP<.011.
The reason for the increased enzymatic activity could be
TABLE 17. LYSINE ALPHA-KETOGLUTARATE REDUCTASE ACTIUITY IN
LIUER AND SERUN LYSINE LEUEL OF PIGS FED DIFFERENT SOURCES
AND LEUELS OF LYSINE IN LYSINE UTILIZATION TRIAL No 2.
ADDED LYSINE
BASAL3 CRYSTALLINE NATURAL
Parameters*3 0 .05 .10 .05 .10 + SE 
.017. ccii 1Enzyme, unit J 3.417 3.447 3.733 2.S37 3.057
. dfghjk Lysine J . 07B .091 .093 .082 .087 .001
Lysine0^®*1̂ .084 .031 .094 .085 .091 .001
3 Formulated to contain ,B7 % lysine, 
k Data are the mean of four replicates of two pigs.
Q Lysine alpha-ketoglutarate reductase activity per g of 
liver on dry matter basis Cl unit of the enzyme activity is 
equal to the amount of enzyme that catalyzes the oxidation 
cf 1 umol of NADHD
d Serum lysiuB concentration Cumol/mll from blood takBn 
tuio hours after fasting.
6 SBrum lysine concentration Cumol/ml) from blood takBn 
four hours after fasting.
F ' *EffBet of timB of bleeding CP<.01}.
® Effect of lysine source CP<.01D.
^ Linear effect of lysine level CP<.01).
1 Quadratic effect of lysinB level CP<.011.
 ̂Linear effect of source x level of lysine CP<.043. 
k Quadratic effect of source x level of lysine CP<.01).
TABLE IB. LYSINE ALPHA-KETOGLUTARATE REDUCTASE ACTIUITY IN
LIUER AND SERUM LYSINE LEUEL OF PIGS FED DIFFERENT SOURCES









.003Enzyme, unitc 3.303B 3.B77f 3.5B0f
i dLysine • OBI® .100f .0B9f .001
a Formulated to contain .B7 % lysine.
k Data are the mean of thrBB rsplicatBS dF one pig.
Lysine alpha-ketoglutaratB reductase activity pBr g of 
livBr on dry matter basis Cl unit of thB enzyme activity is 
equal to that amount of enzyme that catalyzes the oxidation 
of 1 umol of NADH1
^ Serum lysinB concentration Cumol/mlD From blood taken 
at thB end oF thB experimental period.
0  f*’ Means with diFFerent superscripts in the samB row are 
diFFerent CP<.015.
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due possibly to the increased rate at which crystalline 
lysine reached the lower part of the intestine and thus was 
absorbed more rapidly than protein bound lysine. Consequent­
ly , the enzyme, lysinB alpha-ketoglutaratB reductase, demand 
would be greater, and its activity in the liver would be 
higher. In addition, the presence of crystalline glutamic 
acid may play an important role in lysine metabolism and 
lysine alpha-ketoglutarate reductase activity. Glutamic acid 
that was added to the diet in free form also probably reach­
ed the site of tissue metabolism rapidly. It can be deami- 
nated and converted to alpha-ketoglutaric acid. Both subs­
trates, lysine and alpha-ketoglutarate in thB presence of 
NADH may have resulted in increased levels of lysine alpha- 
ketoglutarate reductase activity.
Serum lusine levels. Blood samples were taken from the same 
pigs from which liver samples were taken in the second and 
third trials. In trial 2, blood samples were taken at two 
and four hours after overnight fasting . The serum lysine 
level four hours after fasting was higher CP< .01} than that 
two hours after fasting. Pigs consuming crystalline lysinB 
diets had higher lysine levels than those consuming the 
natural lysine diets CP<.01). There was a linear increase 
CP<.01) in serum lysine level with increased levels of 
lysine in the diets. There was also lysine linear by source 
and lysine quadratic by source interactions in serum lysine 
level CP<.04 and P<.01, respectively3.
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In trial 3, serum lysine level of pigs Fed the low lysine
diets C.67 uias lower than that of pigs Fed the high
lysine diets C.95 50 regardless of the source d F lysine
CP<.01). Pigs fed the crystalline lysine diets again had
higher serum lysine levels CP<.011.
SUMMARY AND CONCLUSIONS
In the winter trials, addition of dehydrated alfalfa 
meal failed to produce the anticipated results. Pigs fed 
diets with added alfalfa meal had lower gains, higher fBB d  
intakes and lower efficiencies of feed utilization. They 
also consumed more metabolizable energy per day, and conse­
quently had reduced efficiencies of energy utilization.
The reason for the results may lie in the fact that the 
environmental temperature was not below the lower critical 
temperature and therefore any additional heat Cheat incre­
ment! produced as a result of the elevated dietary fiber was 
not needed to kBep the body warm and became wasted energy. 
The increased heat increment produced by the digestion of 
the fiber probably prevented the animals from consuming more 
feed that could have compensated for the lower digestibility 
of the fibrous feedstuffs. It can be concluded that the 
winters in this area are usually not severe enough to justi­
fy the use of fibrous feedstuffs in thB diets.
In the summer trials, lowering the heat increment of thB 
diets by decreasing crude protBin level and adding crystal­
line lysinB had no effect on pig performance compared with 
higher crude protein without added crystalline lysine. How­
ever, in both summer trials there was a tendency for lower 
gain, feed intake and efficiency of feed utilization when 
the protein level was lowered. This reduced performance of 
pigs fBd the low protein, lysine-supplemented diets could be
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duB to the lower daily feed intake or most probably to the 
lower I b v b I q F crude protein consumed. It was expected that 
pigs Fed these low heat increment diets would have consumed 
more Feed than those fed the higher crude protein diets; 
however, the results showed no advantage to lower protein. 
Although no good explanation For thBse results is evident, 
the environmental conditions were not such to cause a per­
formance difference.
The addition of fat to conventional swine diets resul­
ted in increased rate of gain, decreased Feed intake and 
increased efficiency of feed utilization in both winter and 
summer experiments. These studies indicate that given the 
environmental conditions in this area, from thB nutritional 
stand point, it was beneficial to add fat to swine diets in 
both warm and cool seasons.
In the lysine source utilization trials, performance of 
pigs given the synthetic or natural lysine diets did not 
show any significant difference for any of the parameters 
studied. The slope ratio also failed to show any difference 
between sources. Consequently, it is concluded that both 
sources, crystalline or protein-bound lysine are equally 
efficacious.
Pigs fed diBts with added lysine had higher serum F t b b  
lysinB and liver lysine alpha-kBtoglutaratB reductase acti­
vities than pigs Fed natural lysine diets. This was probably 
due to the speed of transit of free lysine. Free lysine 
travels faster than protein-bound lysine in the gastrointes-
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tinal tract CRolls et al., 19721, is absorbed Faster and
appears in the blood system Faster than lysine coming From 
natural sources. The high enzyme lBvel was probably due to 
Free lysine being available For metabolism without elevated 
I b v b I s  o F othBr amino acids. The excess lysine was meta­
bolized in thB presence oF lysine alpha-ketoglutarate reduc­
tase to Farm saccharapine. The presence oF synthetic glu­
tamic acid accompanied by Free lysine may have also in­
creased the lysine alpha-ketoglutarate enzyme activity. 
Both, Free lysine and glutamic acid were probably available 
For metabolism Faster than the protein-bound amino acids. 
The glutamic acid was dBaminated and converted to alpha- 
ketoglutaric acid and along with lysine was the substrate 
For saccharopine Formation in the presence oF lysine alpha- 
ketoglutarate reductase. Consequently, the higher the levels 
oF both alpha-ketoglutaric acid and Free lysine available 
For metabolism in the absence oF the other amino acids, the 
higher the enzyme activity.
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TABLE 19. ANOUA DF PIG PERFORMANCE IN WINTER
TRIAL No 1.














































































AUERAGE DAILY METABOLIZABLE ENERGY INTAKE CMCALD
Block 3 1.3557 1.35 .3191
Alfalfa CAD 1 .5184 .62 .4529
Soybean oil CDD 1 .0729 .09 .7753
A*0 1 .2652 .31 .5884
Error 9 .8422
MCAL OF METABALIZABLE ENERGY/KG OF GAIN
Block 3 .9860 .98 .4463
Alfalfa CAD 1 10.0474 9.94 .0117
Soybean oil COD 1 1 .5341 1 .52 .2493
A*0 1 2.5028 2.48 .1501
Error 9 .9970
TABLE EO. ANOUA OF BLOOD PARAMETERS IN UINTER
TRIAL No 1.
Source df MS F PR > F
SERUM T3
Block 3 .E5B0 .43 .6934
Alfalfa CAD 1 . 11E3 .El .6541
Soybean oil COD 1 1.90E3 3.63 .0390
A*0 1 .0731 .15 .7065
Error 3 . 5E34
SERUM Tu 4
Block 3 19.7167 1 .59 . S59E
Alfalfa CAD 1 14.73E3 1.19 . 304E
Soybean oil COD 1 6.0590 .49 .5093
A«0 1 35.6006 E.B7 . 1E46
Error 9 IE.4005
SERUM CHOLESTEROL
Block 3 9E.9E 3.97 .0469
Alfalfa CAD 1 36.00 1.54 . E464
Soybean oil COD 1 E40.E5 10. E6 .0100
A*0 1 100.00 4.E7 .0600
Error 9 E3.4E
TABLE 21. ANOUA OF PIG PERFORMANCE IN WINTER
TRIAL No 2.
Source df MS F PR > F
AUERAGE DAILY GAIN
Block 3 .0013 .00 .5227
Alfalfa C A) 1 .0056 3.55 .0323
Soybean oil CO) 1 .0057 3.53 .0BS2
A*0 1 .0010 .55 .4403
Error s .0015
AUERAGE DAILY FEED
Block 3 .0403 1.50 .2B02
Alfalfa CA) 1 .0103 .40 .5431
Soybean oil CO) 1 .2314 B . 45 .0173
A*0 1 .0255 .34 .3577
Error 3 .0273
Block
FEED EFFICIENCY CGAIN/FEED) 
3 .0003 .04 .5057
Alfalfa CA) 1 .0014 3.26 .1045
Soybean oil CO) 1 .0052 14.82 .0033
A*0 1 .0001 .02 .6039
Error 3 .0004
AUERAGE DAILY METABOLIZABLE ENERGY INTAKE CMCAL)
Block 3 .4550 1 .53 .2725
Alfalfa CA) 1 .0053 .02 .B9B4
Soybean oil CO) 1 .0001 .00 .3095
A«0 1 .2525 .B5 .3773
Error 3 .3049
MCAL OF METABALIZABLE ENERGY/KG OF GAIN
Block 3 .2595 .50 .6096
Alfalfa CA) 1 .920B 1.70 .2144
Soybean oil CO) 1 .8161 1 .50 .2402
A*0 1 .0557 .11 .7500
Error 3 .3065
TABLE 22. ANOUA OF BLOOD PARAMETERS IN WINTER
TRIAL No 5.
Source df MS F PR > F
SERUM T3
Block 3 .0933 .15 .9256
Alfalfa C Al 1 .2650 .43 .5294
Soybean oil C01 1 .0002 .00 .9079
A*0 1 .2940 .4B .5071
Error 9 .6162
SERUM T^
Block 3 55.4105 6.76 .0111
Alfalfa C Al 1 .1064 .01 .911B
Soybean oil C01 1 2.2394 .27 .6139
A*0 1 9.1732 1 .12 .3176
Error 9 9.1954
SERUM CHOLESTEROL
Block 3 24.42 .43 .7300
Alfalfa C Al 1 .25 .00 .9407
Soybean oil C01 1 12.25 .21 .6542
A*0 1 .25 .00 .9407
Error 9 57.09
TABLE S3. GENERAL LINEAR NODEL PROCEDURE. LEAST SQUARE
MEANS. PIG PERFORMANCE IN WINTER TRIALS.






































































TABLE 24. GENERAL LINEAR fIGDEL PROCEDURE. LEAST SQUARE
MEANS. PIG PERFORMANCE IN WINTER TRIALS.
MAIN EFFECT OF SOYBEAN OIL CSO)
PARAMETER
LSMEANS
SO STD ERR 
O k  5 k LSMEAN
PROB>IT:
WINTER TRIAL No 1
ADG (Kg) .0915 9245 .0374 .5473
ADF CKg) 3.348 3.003 .0994 .0324
GAIN/FEED CKg) 
DAILY M.E INTAKE
.2602 .3009 .0072 .0022
CMcal) 10.40 10.19 .3245 .6535
M.E INTAKE/GAIN 11.73 11.09 .3399 .1740
WINTER TRIAL No 2
ADG CKg) .8999 9381 .0143 . 0B55
ADF CKg) 3.013 2.780 .0545 .0118
GAIN/FEED CKg) 
DAILY M.E INTAKE
.2997 .3381 .0062 .0011
CMcal) 9.63 9.65 .1808 .9251
M.E INTAKE/GAIN 10.72 10.30 .2229 .2041
TABLE 25. GENERAL LINEAR MODEL PROCEDURE. LEAST SQUARE
MEANS. BLOOD PARAMETERS OF PIGS IN WINTER TRIALS.
MAIN EFFECT OF DEHYDRATED ALFALFA MEAL CDAM)
PARAMETER DAM STD ERR PROB>IT!
LSMEANS 0 * 10 5s LSMEAN



















PARAMETER DAM STD ERR PRQB>i T i
LSMEANS 0 5s 5 5s LSMEAN



















TABLE 26. GENERAL LINEAR MODEL PROCEDURE. LEAST SQUARE
MEANS. BLOOD PARAMETERS OF PIGS IN WINTER TRIALS.












2.91 3.59 .2499 . 0B07
Cmicrogram/lOO mil 
SERUM CHOLESTEROL
22. B9 24.01 1.383 .5795
Cmg/lOO mil 73.27 80.97 2.353 .0425
WINTER TRIAL No 2
SERUM T_
Cng/mll 3.12 3.11 .2532 . 9B92
SERUM T4
Cmicrogram/lOO mil 25.4B 24.43 1.036 .4881
SERUM CHOLESTEROL
Cmg/lOO mil 80.46 78.79 2.566 .6532
TABLE 27. ANOUA OF PIG PERFORMANCE IN SUMMER
TRIAL No 1.










































































AUERAGE DAILY METABOLIZABLE ENERGY CMCAL) INTAKE
Block 3 1.0883 2.47 .1288
Lysine CL) 1 .1660 .38 .5548
Soybean oil CO) 1 .0264 .06 .8123
L*0 1 .3393 .77 .4034
Error 9 .4414
EFFICIENCY OF ME UTILIZATION CKCAL/GAIN)
Block 3 .6695 7.72 .0074
Lysine CL) 1 .1290 1.49 .2535
Soybean oil CO) 1 1.3460 15.52 .0034
L*0 1 . B9S1 10.37 .0105
Error 9 . 0B67
TABLE 20. ANOUA OF BLOOD PARAMETERS IN SUMMER
TRIAL No 1.
Source dF MS F PR > F
SERUM T3
Block 3 1.0038 .52 .8821
Lysine CL} 1 .0110 .01 .3439
Soybean oil CO} 1 1.0150 .48 .5049
L*0 1 3.2251 1.58 .2404
Error s 2.1042
SERUM Tu
Block 3 45.4504 1.35 .3183
Lysine CL} 1 103.47B7 3. OB .1133
Soybean oil CO} 1 1.4132 .04 .8241
L*0 1 10.2899 .31 .5937
Error 9 33.6354
SERUM CHOLESTEROL
Block 3 73. B3 .24 .B654
Lysine CL} 1 961.00 3.14 .1101
Soybean oil CO} 1 1640.00 5.36 . 045B
L*0 1 870.25 2.84 .1259
Error 9 305.92
TABLE 29. ANOUA OF PIG PERFORMANCE IN SUMMER
TRIAL No 2.
rlF MS F PR > F
AUERAGE DAILY GAIN
Block 3 .0024 1.05 .4153
Lysine CLD 1 .0043 1 .89 .2021
Soybean oil COD 1 .0154 E . 74 .0289
L*0 1 .0027 1.21 .3002
Error 3 .0023
AUERAGE DAILY FEED
Block 3 .0481 3.59 .0593
Lysine CLD 1 .0144 1 .OB .3258
Soybean oil COD 1 .1870 13.97 .0046
L*0 1 .0001 .01 .9357
Error 9 .0134
FEED EFFICIENCY iCGAIN/FEEDD
Block 3 .0024 2.19 .1592
Lysine CLD 1 .0002 .46 .5156
Soybean oil COD 1 .0101 27.23 .0006
L»0 1 .0005 1.30 .2843
Error 9 .0004
AUERAGE DAILY METABOLIZABLE ENERGY CMCALD INTAKE
Block 3 .5176 3.64 .0573
Lysine CLD 1 .1444 1 .02 .3397
Soybean oil COD 1 .0006 .00 .9486
L*0 1 .0002 .00 .9691
Error 9 .1421
MCAL OF METABOLIZABLE ENERGY/KG OF GAIN
Block 3 . 6950 2.25 .1520
Lysine CLD 1 .1204 .39 .5484
Soybean oil COD 1 2.3984 7.75 .0213
L*0 1 .4337 1 .40 .2669
Error 9 .3096
TABLE 30. ANOUA OF SERUM T_ LEUEL IN SUMMER
TRIAL No 2. J
Source df MS F PR > F
SERUM T3a
Block 3 . G602 .57 .6458
Lysine CLD 1 2.4375 2.12 .1791
Soybean oil COD 1 .0054 .00 .9466
L*0 1 .0012 .00 .9752
Error 9 1.1484
SERUM T3b
Block 3 .2725 .71 .5722
Lysine CLD 1 .0241 .06 . 80B3
Soybean oil COD 1 .7775 2.01 .1896
L*0 1 .0929 .24 .6355




3 .1544 .37 .7750
Lysine CLD 1 3.7655 9.08 .0146
Soybean oil COD 1 .1314 .32 .5872
L*0 1 1.2376 2.99 . 11B1
Error 9 .4146
a * » c From blood samples taken on day 10, 50
and 85, respectively
TABLE 31. ANDUA OF SERUM T LEUEL IN SUMMER
TRIAL No E. ’
Source df MS F PR > F
SERUM T ®  4
Block 3 14.BE0E .41 .75E3
Lysine CL) 1 4.ES03 .IE .7304
Soybean oil CO) 1 .1635 .00 . S46B
L*0 1 55.6336 1.55 . E446
Error 3 36.0661
SERUM T4b
Block 3 100.47E0 3.EE . 004S
Lysine CL) 1 IB.3337 1 .74 .EEOO
Soybean oil CO) 1 3E.7336 3.00 .1171
L*0 1 13.4761 1. E4 .ES50
Error 3 10.3001
SERUM T4C
Block 3 .4446 .06 . 37B3
LysinB CL) 1 . 41B6 .06 .B155
Soybean oil CO) 1 1 .E363 .17 . 6B94
L*0 1a. . 75EE .10 .7540
Error 3 7.S539
a b c’ ’ From blood samples taken on day 10, 50
and B5, respectively
TABLE 3E. ANOUA OF SERUM CHOLESTEROL LEUEL IN
SUMMER TRIAL No E.





























































a ’ > c From blood samples taken on day 10, 50
and B5, respectively
TABLE 33. GENERAL LINEAR MODEL PROCEDURE. LEAST SQUARE
MEANS. PIG PERFORMANCE IN SUMMER TRIALS.
MAIN EFFECT OF CRYSTALLINE LYSINE CCL}
PARAMETER CL STD ERR PRDB>!T !
LSMEANS O k  .13 k LSMEAN
SUMMER TRIAL No 1
ADG CKg} .B9S5 .8276 .0229 .3472
ADF CKg} 2.484 2.434 .0746 .6483
GAIN/FEED CKg} .3474 .3421 .0033 .2794
DAILY M.E INTAKE
CMcal} B.33 B.1E .2497 .6465
M.E INTAKE/GAIN S .60 S .89 .1044 .1675
SUMMER.TRIAL No 5
ADG CKg} .8326 .BOOO .0171 .2048
ADF CKg} 2.631 2.574 .0345 .2670
GAIN/FEED CKg} .3185 .3117 .0075 .5391
DAILY M.E INTAKE
CMcal} 8.B2 8.63 .1130 . 2839
M.E INTAKE/GAIN 10.63 10.81 .2153 .5657
TABLE 34. GENERAL LINEAR MODEL PROCEDURE. LEAST SQUARE
MEANS. PIG PERFORMANCE IN SUMMER TRIALS.
MAIN EFFECT OF SOYBEAN OIL CSO)
PARAMETER SO STD ERR PROB>!T
LSMEANS 0 % 5 * LSMEAN
SUMMER TRIAL No 1
ADG CKg} .BISS .8719 .0559 .1074
ADF CKg) S. 547 5.371 .0745 .1534
GAIN/FEED CKg} 
DAILY M.E INTAKE
.3510 .3685 .0033 .0001
CMcal} 8. SO 8 .59 .5495 .8184
M.E INTAKE/GAIN 10.07 9.50 .1044 .0054
SUMMER TRIAL No 5
ADG CKg} .7841 .8485 .0171 .0555
ADF CKg} 5.701 5.504 .0346 .0050
GAIN/FEED CKg} 
DAILY M.E INTAKE
.5907 .3395 .0075 .0008
CMcal} 8.70 8.75 .1133 .7595
M.E INTAKE/GAIN 11.09 10.36 .5158 .0358
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TABLE 35. GENERAL LINEAR MODEL PROCEDURE. LEAST SQUARE
MEANS. BLOOD PARAMETERS OF PIGS IN SUMMER TRIALS.
MAIN EFFECT OF CRYSTALLINE LYSINE CCL)
PARAMETER CL STD ERR PROB>!T !
LSMEANS 0 .13 ?£ LSMEAN



















SUMMER TRIAL No 2
SERUM T 3 
Cng/ml) 2.01 2.78 .3633 .1652
SERUM T_b 
Cng/ml) 2.74 2.81 .2037 .8103
SERUM T-,C 
Cng/ml) 2.30 3.27 .2183 .0034
SERUM T4a 
Cmicrogram/lOO ml 21.81 22.83 1.324 .63B0
SERUM T b 
Cmicrogram/lOO ml) 18.35 IB. 83 1 .331 .3175
SERUM T4C 
Cmicrogram/lOO ml) 12 .77 13.11 . B41 .7806
SERUM CHOLESTEROL3 
Cmg/lOO ml) 77. IB 83.53 3.7B5 .2543
SERUM CHOLESTEROL13 
Cmg/lOO ml) 73.70 78.43 4.830 .8562
SERUM CHOLESTEROL0 
Cmg/lOO ml) B6.03 85.60 2.322 .3182
3  £3 C’ ’ From blood samples takBn on day 10, 50 and B5 of
the experimental period, respectively.
TABLE 36. GENERAL LINEAR NOBEL PROCEDURE. LEAST SQUARE
MEANS. BLOOD PARAMETER OF PIGS IN SUMMER TRIALS.
MAIN EFFECT OF !SOYBEAN OIL CSO)
PARAMETER SO STD ERR PROB>IT!LSMEANS 0 % 5 % LSMEAN



















SUMMER TRIAL No 2
SERUM T~a 
Cng/ml) 2.39 2.40 .3701 .9856
SERUM T_b 
Cng/ml) 3.01 2.54 .2102 .1412
SERUM T ° 
Cng/ml) 2.BB 2.69 .218B .5662
SERUM T4a 
Cmicrogram/lOO ml) 22.30 22.40 1 .929 .9690
SERUM T b 
Cmicrogram/lOO ml) 16.12 19.71 1.394 .0967
SERUM T4C 
Cmicrogram/lOO ml) 13.16 12.71 . B43 .7106
SERUM CHOLESTEROL3 
Cmg/lOO ml) 74.57 B6.1B 3.793 . 053B
SERUM CHOLESTEROL13 
Cmg/lOO ml) 75.66 B2.47 4.B41 .3423
SERUM CHOLESTEROL0 
Cmg/lOO ml) 76.31 95.31 2.929 . OOOB
a ’ ’ cFrom blood samples taken on day 10, 50 and B5 of
the experimental period, respectively.
TABLE 37. ANOUA OF PIG PERFORMANCE IN LYSINE
UTILIZATION TRIAL No. 1.
Source df MS F PR > F
AUERAGE DAILY GAIN
Block 3 .03245 33.70 .0001
Lysine source CSD 1 .00001 .05 .3005
Lysine level CLD 5 .03456 45.53 .0001
S*L s .00034 .41 .6635
Error 15 .oooee
CONTRAST
L linear 1 .07333 46.33 .0001
L quadratic 1 .00015 .03 .7364
S*L linear 1 .00004 .05 . B775
S*L quadratic 1 .00033 .55 .6557
AUERAGE DAILY FEED INTAKE
Block 3 .17370 53.57 .0001
Lysine source CSD 1 .00017 .05 .BB13
Lysine level CLD 5 .03166 4.54 .0347
S*L 5 .01474 1.37 .1734
Error 15 .00006
CONTRAST
L linear 1 .07533 13.56 .0018
L quadratic 1 .00515 .40 .5360
S*L linear 1 .00433 .31 .3733
S*L quadratic 1 .05050 3.B1 .0677
Block
GAIN/FEED 
3 .00563 4.53 .0135
Lysine source CSD 1 .00001 .01 .3573
Lysine level CLD 5 .011B3 50.55 .0001
S*L 5 .00053 .47 .6357
Error 15 .00053
CONTRAST
L linear 1 .05407 57.30 .0001
L quadratic 1 .00004 .05 .3141
S*L linBar 1 .00013 .55 .6441
S*L quadratic 1 .00040 .47 .5053
TABLE 38. ANOUA OF PIG PERFORMANCE IN LYSINE
UTILIZATION TRIAL No. 2.
Source df MS F PR > F
AUERAGE DAILY GAIN
Block 3 .01190 11.05 .0023
Lysine source CS) 1 .00004 .04 .0397
Lysine level CL) 2 .00266 2.63 .1210
S*L 2 .00021 .20 .0209
Error 10 .00101
CONTRAST
L linear 1 .00408 4.33 .0617
L quadratic 1 .00007 .07 .7942
S*L linear 1 .00020 .22 .6516
S*L quadratic 1 .00030 .41 .5363
AUERAGE DAILY FEED INTAKE
Black 3 .13714 12.60 .0018
Lysine source CS) 1 .00039 .04 .8533
Lysine level CL) 2 .00450 .41 .6722
S*L 2 .00506 .54 .5994
Error 10 .010B8
CONTRAST
L linear 1 .00532 .56 .4710
L quadratic 1 .00054 .06 .0161
S*L linear 1 .00452 .47 .5058
S*L quadratic 1 .01060 1.11 .3147
Block
GAIN/FEED 
3 .00089 3.10 .0890
LysinB source CS) 1 .00002 .00 .7785
Lysine level CL) 2 .00061 2.14 . 1606
S*L 2 .00019 .67 .5323
Error 10 .00029
CONTRAST
L linear 1 .00125 4.57 .0557
L quadratic 1 .00013 .49 .4980
S*L linear 1 .00016 .59 .4579
S*L quadratic 1 .00026 .96 .3472
TABLE 39. ANOUA OF BIOLOGICAL SAMPLES OF PIGS IN
LYSINE UTILIZATION TRIAL No. 5.
Source df MS F PR > F
LIUER LYSINE ALPHA-KETOGLUTARATE REDUCTASE ACTIUITY
Block 3 .00BB7 .50 .6235
Lysine sourcei CS) 1 .B9S57 39. EG .0001
Lysine Ib v b I CL) S .09431 5.27 .0274
S*L 2 .1B227 10.18 .0039
Error 10 .01791
CONTRAST 
L linear 1 .00062 .04 .8507
L quadratic 1 .19545 11 .70 .0057
S*L linear 1 .3329B 19.93 .0010
S*L quadratic 1 .03249 1 .94 .1907
SERUM LYSINE LEUEL
Block 2 .00003 3.22 .0592
Bleeding time CT) 1 .00010 21.00 .0001
Lysine source CS) 1 .00013 26. B7 .0001
Lysine level CL) 2 .00063 63.57 .0001
T*S 1 .00001 2.04 .1675
T*L 2 .00003 3.32 .0548
S*L 2 .00008 7.94 .0025
T»S*L 2 .00001 .55 . 5B61
Error 22 .00011
CONTRAST 
L linear 1 .00062 106.31 .0001
L quadratic 1 .00001 .95 .3388
S*L linear 1 .00003 4.83 .0379
5*L quadratic 1 .00005 8.57 .0074
T»S*L linear 1 .00001 .46 .5054
T*s*l quadratic 1 .00001 .47 .5011
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TABLE 40. ANOUA OF PIG PERFORMANCE IN LYSINE
UTILIZATION TRIAL No. 3.
Source df MS F PR > F
AUERAGE DAILY GAIN
Block E .00167 1 .01 .4408
Treatment E .01964 11.90 • 0E07
Error 4 .00165
CONTRAST
BASAL US OTHERS 1 .03736 IB. BE .0074
CRYSTAL. US NATURAL 1 .OOOSO .10 .7639
AUERAGE DAILY FEED INTAKE
Block E .OOBSB .65 .5687
Treatment E .01761 1 .SB .37EE
Error 4 .01377
CONTRAST
BASAL US OTHERS 1 .03EBE E.E5 . 194E
CRYSTAL. US NATURAL 1 .00089 .06 .8139
GAIN/FEED
Block E .00003 .01 . 9860
Treatment E .0054E E.BO .1735
Error 4 .00194
CONTRAST
BASAL US OTHERS 1 .010E3 6.59 .050S
CRYSTAL. US NATURAL 1 .00001 .00 .9995
TABLE 41. ANOUA OF BIOLOGICAL SANPLES OF PIGS IN
LYSINE UTILIZATION TRIAL No. 3.
Source df ns F PR > F











BASAL US OTHERS 1 


















BASAL US OTHERS 1 .00033 B5,G3 .0002
CRYSTAL. US NATURAL 1 .00013 47.38 .0010
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